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ABSTRACT 
Sustainable development has become a widely used term for novice and professional researchers and 
practitioners in various fields, including ergonomics. However, the role of ergonomics in 
sustainability is poorly understood and the current proposed ergonomic directions (in this thesis 
namely ergonomic lens) to deal with sustainability issues do not well represent the discipline’s core 
competencies.  
In this thesis, I propose a new direction for ergonomics intervention to sustainable design by 
conducting a systematic review of literature in the fields of sustainable development, sustainable 
design and ergonomics, carrying out a design of a case study. In this regard, first, I discuss the 
concept of sustainable development and sustainable design in breadth, in order to define the basic 
requirements of sustainability. Next, I review and discuss papers defining ergonomics in terms of its 
research aims and objectives. Then I review currently proposed directions for ergonomic intervention 
to sustainable design. Finally, I propose a new approach for ergonomics to deal with sustainable 
design issues. That is, safety, comfort and efficiency in products and systems can be sustainable by 
applying ergonomic design methods. To test this approach, I conducted a case study of a design 
project focusing, especially on safety attribute of a motorcycle helmet. The factors (e.g. rapidly 
growing information technologies change motorcyclists riding activity, motorcyclists want more 
technology involved in helmets, etc.) making safety unsustainable were identified and a new 
sustainable helmet was designed in safety perspective. The sustainably improved safety feature of the 
helmet was validated by conducting survey from stakeholders.   
The current ergonomics direction in sustainable design does not fit its core competencies that are 
maximizing safety, comfort and efficiency. Through this research I show that ergonomics can 
contribute to sustainable design by designing products and systems that are sustainably safe, 
comfortable and efficient.  
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CHAPTER 1  
 INTRODUCTION  
1.1 Research motivation 
Sustainable development has become a widely used term for novice and professional researchers 
and practitioners in various organizations in all over the world (Pezzoli, 1997). The conception of 
sustainable development has been reaching its maturity for the last 30 years.  Starting from 1972, as a 
result of the United Nations Conference on the Human Environment in Stockholm, Sweden, countries 
around the world took the first action to establish their respective environmental institutions. Since the 
1980s, when sustainable development was introduced as a study program, planners and researchers from 
various disciplines have made enormous efforts to look at sustainable development problems with their 
own perspectives and provide better solutions to solve them (Rogers, Jalal, & Boyd, 2008). 
Many believe that the term sustainable development began to gain its fame among various fields, 
after The Brundland Report opened the debate to non-governmental organizations (Adams, 2001; Redclift, 
1987, 1996). Since then, the denomination sustainable development has been interpreted in various ways 
contingent upon how it is used in an academic context or in the context of planning, business or in that of 
environmental policy (Redclift, 2005). During almost three decades of existing concerns about 
sustainability, sustainable development and sustainable design has become a gigantic area which was 
embraced by business, governments, social reformers, environmentalists, designers and engineers, etc. 
(Giddings, Hopwood, & O'Brien, 2002). Thereafter, disciplines like engineering and design, management 
have started to develop their own approaches, principles, tools and methods, such as product life cycle 
assessment, life cycle cost analysis, material flow analysis,  to deal with important sustainable 
product/system planning and management issues in the process (Finnveden et al., 2009; Guin e et al., 
2011; Ness, Urbel-Piirsalu, Anderberg, & Olsson, 2007; Woodward, 1997). 
Current research shows us that there have been several investigations in HFE/Ergonomics 
research and practice to suggest an ergonomic framework or approach in solving sustainability issues. For 
example, the Human Factors Ergonomics Society (HFES) has developed an objective, based on the 
relationship between human behavior and the designed environment, of promoting the integration of 
ergonomics principles into sustainable development. Additionally, the International Ergonomics 
Association (IEA) has initiated a special committee addressed to build a network of global experts in the 
fields of HFE and Sustainability. Moreover, Ergonomics Journal in 2011 has announced a special issue on 
Ergonomics and Sustainability which aimed at illustrating contemporary research demonstrating the 
discipline’s contribution towards sustainability. 
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In ergonomics research, however, the numbers of research papers on sustainable development are 
too limited or newly proposed principles, approaches and frameworks have not undergone rigorous 
empirical testing (Thatcher, 2012b). It is timely for human factors engineering to adopt other disciplines’ 
perspectives to deal with sustainable development issues, which may lead to the wrong ergonomic 
intervention in solving sustainable development issues. Several ergonomic investigations can be found that 
tackle sustainability issues related to energy preservation, product recycle and reuse, material handling, 
etc., which overlap with other disciplines’ (e.g. engineering, product design and economics) perspectives 
on sustainable development problems (Imada, 2008; Kazmierczak, Neumann, & Winkel, 2007; Mo, 
Zhang, & Gadh, 2002; Romeiro Filho & de Lima, 2010; Tang, Zhou, & Caudill, 2001). The possible 
reasons for HFE/Ergonomics to have a tendency to adopt the practice of well experienced disciplines 
could be, (1) the discipline is relatively new, comparing to other disciplines, in sustainable 
development  (Dul et al., 2012; Karwowski, 2006), (2) the discipline lacks in sufficient experience 
with conducting research in the field of sustainable development (Thatcher, 2012a) and (3) an 
interdisciplinary nature of human factors/ergonomics where ergonomics has to collaborate with 
variety of disciplines, like engineering, psychology, etc. (Meister, 1999). 
Considering the human factors/ergonomics’ more than 50 years of research and practice 
experience with wide range of methods, tools and process models in human characteristics, health and 
safety, information presentation, work design, (Karwowski, 2006; Sanders & McCormick, 1987), 
HFE/Ergonomics could contribute to the field of sustainable development with a clear direction. 
However, during a systematic literature review detailed in this thesis, no evidence was found that 
HFE/Ergonomics had a clear direction to manage sustainability issues ergonomically.  An ergonomic 
lens to sustainable development could enhance the capability of ergonomics professionals and 
researchers in handling sustainability issues with their own perspective. 
 
1.2 Research aims and objectives 
This research aims to provide a new direction for HFE/Ergonomics to deal with the 
sustainable design problems through an ergonomic perspective. Through this direction, researchers 
and practitioners will be able to understand ergonomics in sustainable design more clearly and 
provide more effective ergonomics solutions to sustainability issues. Therefore, the objectives of this 
research are (1) to provide a clear understanding of the concepts sustainable development and 
sustainable design, (2) to define the sustainable lenses (with product and service design perspectives) 
of various disciplines, or otherwise stated, to investigate how other disciplines in sustainable design 
are dealing with sustainability issues, and (3) to explore the various HFE/Ergonomics research tools 
and methods, that could possibly applied to solve sustainable design problems ergonomically, by 
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investigating the potential of ergonomics and to evaluate their applicability and usefulness in 
sustainability context. 
 
1.3 Research questions 
In order to achieve the aforementioned objectives, one central question followed by three sub-
research questions to answer the main question will be addressed (This thesis is essentially an attempt 
to answer one central question and some related sub-questions :) : 
The main question is: 
-  What is sustainable design in human factors engineering? 
This question leads to two sub-questions presented as below: 
- What is sustainable development? 
- What is sustainable design  
- What are the perspectives of other disciplines on sustainable design 
 
1.4 Research focus 
The work of this research focuses on understanding what sustainable development and 
sustainable design is by defining their well accepted definitions and exploring already testified other 
disciplines’ perspectives on sustainability; not necessarily investigating sustainable development 
trends or justifying its most correct definition, since it is beyond the scope of this study. In addition, 
the focus will be on investigating the HFE/Ergonomics as a discipline and its research domains and 
applications areas, which will be used to answer the main research question. 
 
1.5 Contribution 
The thesis has relevance to researchers and practitioners in HFE/Ergonomics, because it gives 
an indication of how to look at SD problems from an ergonomics perspective. Additionally, the results 
may also affect the way researchers in Ergonomics think about sustainability issues. Furthermore, the 
relevance for HFE practitioners is that they can develop better guidelines that perfectly fit sustainable 
product design process. Moreover, the outcome may lead for better collaboration between designers 
and ergonomists and between engineers and ergonomists during the product development process. As 
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for an academic contribution, by investigating this topic, a better insight can be given on the nature of 
Sustainable Development System and how designers, engineers, economists and politicians confront 
the SD problems. A lot of research has already been done on defining the importance of SD and the 
role of other discipline in SD, but research exploring the potential contribution of HFE to SD is still 
limited and very small scale.  
Thus, the findings of this study will contribute to the available literature on Sustainable 
Development by going deeper into the subject with defining HFE/Ergonomic Lens to SD as its 
particular focus. 
1.6 Scope of research 
Although this thesis provides fundamental knowledge about the concept of sustainable 
development, it will mainly cover the academic research topics in sustainable design. The main reason 
is that the concept of sustainable development (as cited in Gladwin, Kennelly, & Krause 1995, p. 8) 
still remains complicated and hard to understand (Beckerman, 1994; Dowie, 1996; Levin, 1993) and it 
covers variety of disciplines not limited to economics (Daly, 2005), sociology (Redclzft & Benton, 
1995), philosophy (Sessions, 1995), political science (Eckersley, 1992), etc., which makes it hard to 
conduct a research within the given time. Sustainable design, however, is one of the biggest research 
areas of sustainable development; it aims at creating eco-friendly products and services, and energy 
efficient systems (Jabareen, 2008) by keeping the principle of sustainable development which is “the 
triple bottom line” as its main measuring criteria (read Chapter 3 for more detail). Therefore, any 
argument I make will be based on the product and service design perspective. 
 
1.7 Thesis structure 
The structure of the thesis is presented in Figure 1. The seven chapters of this thesis can be 
summarized as follows: 
Chapter 1 introduces the research motivations, research aims, specific objectives, research 
questions, research focus and its contribution. The thesis structure is also summarized. 
Chapter 2 presents a detailed review of the literature related to understanding the meaning of 
sustainable development in terms of its historical events, widely accepted definitions, principles and 
graphical representations.  
Chapter 3 defines the concept of sustainable design, by investigating its definitions and 
principles. This chapter also explores, in more detail, various perspectives of other disciplines (e.g. 
engineering and industrial design) on sustainable design.  
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Chapter 4 defines the discipline of Human Factors Engineering/Ergonomics by reviewing the 
literature related to its definitions, principles, methods and tools. Further, it continues with an 
exploratory stage where the “ergonomic perspective” on sustainability is investigated.  
Chapter 5 presents the background and detailed procedures of the design project carried out 
in this research. The section of this chapter introduces to the background information, and then briefly 
discusses the project procedure. Finally, this chapter discusses the outcome of the case study and 
overall discussion on research findings. This is followed by the author’s recommendations on the 
research and practice direction of HFE/Ergonomics within sustainable design. 
Chapter 6 concludes the thesis by re-addressing the research questions and reviewing the 
contribution. This is followed by a discussion on the potential for further work in the area. 
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
6 
 
 
Figure 1: Thesis Outline 
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1.8 Terminology 
This section presents some definitions for the basic terminology that is used throughout this 
thesis. In this research, I defined and investigated the terms sustainable development (SD
1
) and 
sustainable design (SD
2
), as a separate body of knowledge (see Chapter 2 for more details); which is 
not the case in other studies (Banerjee, 2003; Jeswiet & Hauschild, 2005; Jones, 2012). In other words, 
sustainable development refers to a huge and complex research field, which covers various research 
and practice areas such as health and safety, agriculture, education, engineering, economics, industrial 
design, etc. In this thesis, I defined the term sustainable design as the biggest subset of sustainable 
development and used it to narrow down the research focus to fit the scope of this thesis.  
Additionally, I used the terms human-factors engineering (HFE) and ergonomics interchangeably, 
which is the often case in contemporary research (e.g. Beard & Peterson, 1988; Boston-Fleischhauer, 
2008; Staggers, 2003). 
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1.9 Literature search 
The preliminary research into the relationship between ergonomics and sustainable 
development or sustainable design revealed an almost complete absence of meaningful discussion of 
this area. With no body of previous work to lean on and review, the literature review was approached 
from a broader view that investigated the concepts of sustainable development and sustainable design 
in some depth. The enriched understanding of each concept supported the analysis and enabled 
relevant conclusions to be drawn.  
Considering the questions I asked above (see Section 1.3), literature search for this research 
falls within the bounds of multiple fields and disciplines, and into the gap between those disciplines. 
Thus, to investigate the definitions of sustainable development and sustainable design, and to 
understand the meaning of sustainability in other disciplines, I employed a number of literature search 
strategies. In this thesis, EndNote X5 and three keywords including sustainable development or 
sustainable design or eco design were used to retrieve peer-reviewed English language publications 
from 1992 to 2011 from the online database-Web of Science (TS). Overall 4318 papers were retrieved 
in the initial searches, 2172 were excluded based on the similar filter rules applied to ergonomics and 
thus 2146 papers were left for further review. Moreover, additional sources were also used to retrieve 
more information about sustainability. This included searching multiple webs (Google/Google 
Scholar) and grey literature from sustainable design organizations, browsing physical libraries and 
following the reference trail provided by published materials.  
In general, a great number of journal articles I found through electronic database search were 
about the sustainability practice in various disciplines like agriculture, fishery, forestry, etc., which 
had to be filtered out since they were beyond the scope of this research. As it was expected, a limited 
number of journal articles were found regarding ergonomics in sustainable design and vice versa. In 
the case of the literature on general definition and principles of sustainable development, many 
sources came from printed books and academic papers, which provided an overall view on sustainable 
development and sustainable design. 
From the preliminary research on sustainable development and sustainable design I found the 
following two facts: 
1. To provide more precise guidance about sustainability in general, investigating its basic 
definitions, principles, methods/tools and research activities are often needed (e.g. 
Edwards, 2005; Gagnon, Leduc, & Savard, 2009). 
2. The sustainable design is the biggest research domain of sustainable development and 
product design being its main research and practice direction, where engineering 
(product) and industrial design are the key contributing disciplines. Considering the 
complexity and diversity of sustainable design, there could be a potential benefit of 
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investigating the meaning and the value of sustainable design in those four main 
contributing disciplines.  
 
Based on the results of the preliminary research, I classified the relevant documents into four 
categories below: 
1. Sustainable development. 
2. Sustainable design. 
3. Sustainable design in other disciplines (engineering and industrial design) and  
4. Sustainable design in HFE/Ergonomics.    
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CHAPTER 2  
SUSTAINABLE DEVELOPMENT 
2.1 Introduction 
The nature of sustainable development (SD
1
) needs to be thoroughly understood before the 
assumption and hypothesis can be explored in any depth. This chapter identifies broad issues 
underlying the concept of sustainable development. A primary aim of exploring and discussing such 
issues is to provide a clear knowledge about the notion of sustainable development to those who do 
not belong to the field of sustainability, in this research the main audience is human factors engineers. 
This chapter presents an overview of the literature regarding the sustainable development in 
general. More specifically, the stereotype of sustainable development is described. This chapter also 
explores the widely-accepted definitions and principles of sustainable development, and reviews the 
history and development of the area. Moreover, various types of graphical representations of 
sustainable development are investigated to have a better understanding of the concept.  Four sections 
in this chapter address the following four questions.  
-  How was the term “sustainable development” evolved? (Section 2.2.1) 
- What is the definition of sustainable development? (Section 2.2.2) 
- What types of principles exist in sustainable development? (Section 2.2.3) 
- What types of graphical representations have been developed to describe sustainable 
development system?(Section 2.2.4) 
 
2.2 Sustainable development (SD1) 
In this section I explained the notion of sustainable development by dividing the information 
into four sub-sections: the history, the definitions, the principles and graphical representations of SD
1
.  
The major historical events of SD
1
 are summarised in sub-section 2.2.1, and the mostly accepted and 
frequently cited definitions of SD
1
 are listed in the sub-section 2.2.2. The principles and the graphical 
representations of sustainable development are presented in the following sub-sections (2.2.3 and 
2.2.4). 
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2.2.1 The origin of sustainable development 
In order to better understand sustainable development’s history, we must look at its context—
those particular occurrences which surround it in time and place which give it its meaning. The origin 
of the term sustainable development, which primitively meant environmental concerns, dates back to 
the starting point of environmental and social movements during 1960s -1970s (Stearns & Almeida, 
2004). As shown in Appendix A, in the past there have been various significant events related to 
sustainable development. However, when the decent trend of the term sustainable development or 
sustainability is investigated, a history can be mainly traced back to the 1972 United Nations (UN) 
Conference on the Human Environment, followed by a 1992 UN Conference on Environment and 
Development and 2002 UN World Summit on Sustainable Development in Johannesburg. 
As inspired from Hens and Nath (2005), in this section I mainly focus on the Stockholm 
Conference, the Rio Conference and the Johannesburg Conference, the biggest three UN conferences 
(Mebratu, 1998), which will be discussed in three sections below. 
 
2.2.1.1 Sustainable development during Pre-Stockholm era (1972-
1987)  
 Saadatian, Mat, Lim, and Sopian (2012) summarized the key concepts of sustainable 
development during the Pre-Stockholm era in three segments: religious and traditional aspects, 
Theory of Limits, and Over-organized Systems Theory.  
The first key concept is about religious and traditional aspects of sustainability, where the 
human being is taught to maintain nature and its resources (e.g., air, land, and water), and endeavor to 
satisfy the social and economic need of the life.  For example, in Islam, the concept of sustainability 
strongly connects three important existences: God, people, and other resources. Muslims believe that 
every single resource in this universe is the creation of God, thus any misuse of the resources would 
mean acting against him (Ansari, 1994). 
The second key concept is the theory of limits also known as Environmental Limits Thinking, 
which was first coined by Thomas Robert Malthus (1766-1834). According to Malthus’s theory the 
number of population is constantly increasing where the agricultural land area is limited; thus creating 
a huge problem in food supply (Kula, 1992). The economics scholars (e.g. Mebratu, 1998; Sneddon, 
Howarth, & Norgaard, 2006) believed that the Malthus’s theory of limits was the first attempt to build 
the concept of Sustainable Development.  Even though the Malthus’s theory is still applicable in the 
21
st
 century, its prediction turned out to be incorrect in the long term. The main reason is that due to 
modernization in sanitation, technology, and progress in food distribution the current society is able to 
keep the resources and avert over consumption.  
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The third key concept is related to the phenomenon which was the main message of the 
seminal text entitled, Small is Beautiful, written by Schumacher in 1979 (as cited in Saadatian et al., 
2012). According to Schumacher, a bigger size community, organizations and company results in a 
faster reduction of natural resources. This concept was the basis upon which the theory of, 
appropriate technology (Beder, 1994) was established, which has been understood as the basis of SD
1
 
concept since 1980. 
 
2.2.1.2 Sustainable development from Stockholm to World 
Commission on Environment and Development (WCED)  
The first and the biggest step towards evolution of the concept of SD
1
 was the 1972 UN 
Conference on Human Environment in Stockholm, which realized the significance of environmental 
care and the need to preserve natural resources to sustain the future living conditions for society 
(UNEP, 1972).  
The Stockholm Declaration produced twenty-six principles and economic, environmental and 
socio-cultural approaches on sustainable development (Dernbach, 1998), which has been cited by the 
vast majority of scholars. According to Birnie, Boyle, and Redgwell (2002), the authors of the book 
entitled International Law and the Environment argued that the Stockholm Declaration is recognized 
as the initial step towards building the modern concept of sustainable development, which emphasizes 
the needs to protect both development and the environment simultaneously. 
 
2.2.1.3 Sustainable development in Post-WCED era (1987-2010)  
The Post-WCED era is understood to be a paradigm shift in sustainable development. During 
the period of 1087-2010, there have been various meetings and conferences held such as the UN 
Conference on Environment and Development (UNCED, 1992), which is also known as the “Rio 
Conference” or the “Earth Summit”, the Doha meeting (2001) and World Summit on Sustainable 
Development (WSSD, 2002). The events resulted in more than 70 various definitions and 
interpretations of SD
1
 (Kirkby, O'Keefe, & Timberlake, 1995), and many disciplines across the world 
set SD
1
 as their research theme (Dryzek, 2005).  According to Holmberg (as cited in Mebratu, 1998), 
among all these events, the Brundtland Commission report namely Our Common Future (1987), was a 
turning point in creating the political significance of the notion of sustainable development.  
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2.2.2 Definitions of sustainable development (SD
1
) 
Elliot (2006) argued that definitions are important, when they are considered as the basis on 
which the means for achieving sustainable development in the future may be achieved. However, the 
term sustainable development is complex. As mentioned in Dickson and Arcodia (2010) throughout 
two decades the term sustainable development has been interpreted from diverse perspectives such as 
ethical growth (Rolston, 1994), social identity (Gore, 1992) and future prediction (Lee, 1993). The 
model in Figure 2 is L l ’s (1991) semantic map of sustainable development, which helps illustrate 
the fuzzy and trans-disciplinary nature of SD
1
.  
 
 
Figure 2: The semantics of sustainable development. Adapted from “Sustainable development: A 
critical review,” S. M. Lélé, 1991.  World Development, 19(6), 607-621. doi: 10.1016/0305-
750x(91)90197-p 
 
The map is based on the argument that sustainable development is interpreted as sustained 
growth, or sustained change. Here the phrase sustainable development is divided into two concepts: 
sustainability and development, where each of the concepts is examined in turn by means of their 
meanings, conditions and interpretations. 
Scholars like Holmberg and Sandbrook (1992) and Kirkby et al. (1995) argued that there are 
more than seventy definitions of sustainable development that exist today. Additionally, Rogers et al. 
(2008) summarized the number of existing definitions, principles  and concepts of sustainable 
development as depicted in Table 1. Appendices B and C include other existing definitions and 
concepts of SD
1
 argued by scholars. 
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Table 1 Sustainable Development: Definitions, Principles, Criteria, Conceptual Frameworks, and 
Indicators. Reprinted from An Introduction to Sustainable Development.  (p-42), P.K., Rogers, K.F., 
Jalal, and J.A., Boyd, 2008,  Harvard Div. of Continuing Educ., Cambridge. 
Subject Number 
1. Definitions 57 
2. Principles 19 
3. Criteria 12 
4. Conceptual frameworks 4 
5. Indicators 28sets 
 
Despite the fact that sustainable development has not been precisely defined, among all 
definitions and concepts of SD
1, The Brundtland Commission’s interpretation of the term sustainable 
development has been accepted as a role-model definition by many researchers and practitioners:  
“… development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs” (Brundtland Commission 1987).  
An internet search provides a stream of more than 208,000 results that include the exact same quote 
and 3443 academic papers citing the definition.  
After investigating all existing definitions of SD
1
, it became apparent that the definitions 
shared at least one of the three approaches below, which are the main three pillars of SD
1
. The three 
pillars of sustainable development are discussed in sub-section 2.2.4. 
1. The economic approach, where the core idea of sustainable development is relying on 
basing developmental and environmental policies on a comparison of costs and benefits and on 
careful economic analysis that will strengthen environmental protection and lead to rising and 
sustainable levels of welfare . 
Additionally, Pearce and Turner (1989) defined sustainable development in economic 
perspective. The authors argued that there should be sustainable policies that allow the future 
generation to have at least equal amount of wealth as the present generation possesses. In the same 
year, another economist, Pezzey and Toman (2002), proposed numbers of alternative SD
1
 definitions 
in mathematical science context. 
2. The environmental approach, where sustainable development is about maintenance of 
essential ecological processes and life support systems, the preservation of generic diversity and the 
sustainable utilization of species and ecosystems (IUCN, 1987). 
Addition to approach of utilizing ecosystems, Steer and Lutz (1993) proposed different 
perspective of environmental sustainability. The author argued that ecological diversity and 
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productivity should be kept in a good condition not only in developed countries but also in developing 
regions. 
3. The socio-cultural approach,  where sustainable development is directly concerned with 
increasing the standard  of living of the poor, which can be measured in terms of increased food, real 
income, education, health care, water supply, sanitation, and only directly concerned with economic 
growth at the aggregate (Barbier, 1987).  
 
2.2.3 Principles of sustainable development 
 The Oxford English Dictionary defines principle as “a general scientific theorem or law that 
has numerous special applications across a wide field”. In contrast to definitions, principles can 
provide a more accurate road map to act. Thus, by investigating principles we can draw to a better 
understanding of the complex system of sustainable development.  
Over the last two decades, sustainable development has managed to develop a number of so 
called sustainability principles.  The principles of sustainable development have been variously 
conceived in diverse areas such as tourism (Eber, 1992; Goodall & Stabler, 1997), environmentalism 
(Chapin III, Torn, & Tateno, 1996; Shrivastava, 1995), agriculture (Raman, 2006; Von Wirén-Lehr, 
2001), engineering (Anastas & Zimmerman, 2003; Boyle & Coates, 2005), health care (Corvalan, 
Kjellstrom, & Smith, 1999; T. Gladwin, J. Kennelly, & T.-S. Krause, 1995) and economics (Goodland 
& Ledec, 1987).  
From literature review it was found that, in general, the principles of sustainable development 
available in the literature can be classified into two categories: practical principles and impractical 
principles. As shown in Appendix D, impractical principles of sustainable development mainly 
represent meta-level principles which were agreed on during big scale SD
1
 conferences and summits 
such as the United Nations conference on the Human Environment (also known as the Stockholm 
Conference, 1972), the United Nations Earth Summit in Rio (1992). The Majority of principles were 
insufficient in practice because they promoted too broad and complex concepts, and the priorities of 
social, economic and environmental dimensions of SD
1
 have been addressed in a deficient manner 
(Haines, Alleyne, Kickbusch, & Dora, 2012). Practical principles of SD
1
, however, are the small-
scale principles which have been reinterpreted by individual researchers and non-governmental 
organizations (NGO), based on the concepts of impractical principles (some of the practical 
principles of SD
1
 can be found in Appendix E). 
 As I discussed earlier in sub-section 2.2.1, the first time in the history of sustainable 
development 26 set of principles (see Appendix D) were agreed during the United Nations conference 
on the Human Environment in Stockholm (1972). However, the Stockholm conference did not 
provide any strategy to meet these principles. The key objective of the Stockholm Declaration was 
emphasizing environmental protection and international cooperation (Dresner, 2008). 
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Followed by the Stockholm declaration, was the Earth Summit in Rio (1992), which outlined 
27 agreed principles ranging from international collaboration, production and consumption to 
environmental protection. As Hens and Nath (2005) summarized, the principles possessed two main 
issues: the link between environment and development and practical interpretation of the rather 
theoretical concept of SD
1
. 
 Gagnon et al. (2009) identified a total of 212 principles of SD
1
 and classified them into three 
categories which were based on the three pillars of sustainability: environment, economy, and society 
(see Figure 3).  
As shown in Figure 3, the principles belonging to the environmental pillar refer to preserving 
living organism and natural resources with which they interact in ecosystems. The economic 
principles concern the production of goods and services that satisfy sustainable needs. Lastly, the 
principles in the social dimension cover issues concerning human well-being and interactions between 
individual and groups. 
 
 
Figure 3: Sustainable Development Principles. Adapted from “Sustainable Development in 
Engineering: A Review of Principles and Definition of a Conceptual Framework,” B., Gagnon, R., 
Leduc, S. Savard, 2009. Environmental Engineering Science, Volume 26, Number 10. 
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In contrast  Gagnon et al. (2009), Valentin and Spangenberg (2000) argued that the principles 
of sustainable development can be organized into four themes: economic, social, environmental and 
institutional (see Figure 4). Except for the Institutional dimension, the rest  (environment, economy, 
and society) dimensions presented in Figure 4 are similar to that of Gagnon et al. (2009).  
Valentin and Spangenberg (2000) argued that the principles which dwell into the Institutional 
dimension aim at strengthening participation between people and various institutions (e.g. political 
organizations and orientations).  
 
 
Figure 4: Sustainable Development Principles Adapted from “A guide to community sustainability 
indicators,” A., Valentin, & J. H. Spangenberg, 2000. Environmental Impact Assessment Review, 
20(3), 381-392. doi: 10.1016/s0195-9255(00)00049-4 
 
2.2.4 Graphical depictions of sustainable development 
Various pictorial representations of sustainable development have been developed to describe 
the interrilation between the three pillars of SD
1
(economy, environment and society). A majority of 
the representations intended to explain the concept of susainable development using figures and 
diagramms in four different ways: 
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- circular; 
- systematic; 
- triangular; 
- three dimentional; 
 
2.2.4.1  Circular graphics 
The most frequently used figure is the three interconnected circles (see Figure 5, e.g. Bell & 
Morse, 2003). Such types of figures are mainly used to explain the links between each pair of 
dimensions (three pillars).  
 
 
Figure 5 Circular representation of sustainable development. Adapted from “Measuring 
sustainability: learning by doing,” S., Bell, & S.Morse, 2003. London [etc.]: Earthscan. 
 
In such diagrams the implication is that the economy is the most important part of SD. For 
example, deep ecology arises from a combination of society and environment. One problem 
associated with circular representations is that they are limited in pointing out exactly which 
dimensions should be linked together to improve sustainability (Bell & Morse, 2003). For instance, in 
product design process the figure has no indication of which pillar has what weghting or role. 
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
19 
 
2.2.4.2 Systematic diagrams 
Another type of graphical representation used to describe sustainability is depicted in Figure 6, 
(e.g. Bossel, 1999). In contrast to circular representations of sustainability (see Figure 5), this diagram 
provides a better explanation of the concept of SD
1
, claiming human system (society pillar) to be the 
dominant dimension of SD
1
. This brings the analyses of SD
1
 a step further by providing the links 
between each of the elements of three systems, which are referred to as the three pillars of SD
1
. 
However, it has no suggestion of how changes in one area can affect the rest. 
 
 
Figure 6 Six major systems of sustainability. Adapted from “Indicators for Sustainable Development: 
Theory, Method, Applications,” H. Bossel, 1999. The International Institute for Sustainable 
Development (IISD). 
 
2.2.4.3 Triangular figures 
The Next diagram (Figure 7, e.g. Paulley & Pedler, 2000) is a triangular type, which 
symbolizes a third type of graphical representation.  There are two main goals of such figures: (1) the 
environment is the main pillar among three, and (2) comprehensive sustainability is only achieved 
when pairs of pillars are combined. This helps avoid the problem of thinking about all three pillars at 
the same time. Triangular diagrams are mainly used in agriculture by means of the inter connections 
of economic dimension with land use and transport patterns (Á vila, 2010).  
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Figure 7 Sustainable triangle. Adapted from “Integration of Transport and Land Use Planning,”  N. 
Paulley, & A.Pedler, 2000. Final report of the TRANSLAND project: Deliverable. 
 
Figure 7 demonstrates somewhat different arguments. It proposes that the comprehensive 
sustainability is achieved by linking the pairs of three pillars (economy, environment and society).  
This helps avoid the problem of thinking about all three pillars at the same time by analysing it from 
three different perspectives: 
1. Sustainable Development 
2. Community Liveability 
3. Social and economic equity. 
 
2.2.4.4 Three dimensional figures 
Lastly, the final figure (Figure 8, e.g. Valentin & Spangenberg, 2000) is a three dimensional 
representation of the sustainability concept, also called  a prism of sustainability.  
It is mainly used to describe the fourth pillar (Institutional participations), which cannot be 
seen in any earlier figures I described above (refer to sub-section 2.2.3 for more details about the 
fourth dimension). Valentin and Spangenberg (2000) proposed this structure  to emphasize four key 
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elements mentioned in the set of SD
1
 principles published by the United Nations Conference on 
Human Environment held in Rio de Janeiro, Brazil in 1992 (also known as Rio Earth Summit). 
All of the diagrams, figures and graphics depicted various elements of sustainability in 
different ways. The figures found showed that the SD
1
 concept remains holistic and each of its 
elements is essential to its development process. However, in certain situations particular pillars are 
important. For example, Figure 5 describes the environment and society being strongly dependent on 
economy, whereas in Figure 7 the environment pillar is the dominating economy and society. 
 
 
Figure 8 Prism of sustainability. Adapted from Adapted from “A guide to community sustainability 
indicators,” A., Valentin, & J. H. Spangenberg, 2000. Environmental Impact Assessment Review, 
20(3), 381-392. doi: 10.1016/s0195-9255(00)00049-4 
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2.3 Summary 
The purpose of this section was to provide clarity in describing the concept of sustainable 
development. Therefore I presented and briefly discussed about the influential historical events and 
widely-accepted definitions, principles and graphical representations available in the literature of 
sustainable development. In short, it can be concluded that, sustainable development is a research and 
practice field that demands varied participants and perspectives to be involved and collaborated to 
share the similar goal that is satisfying the needs of the present without damaging the goal of the 
future generations to meet their own needs. Since the SD
1
 field is huge, it should be scaled down to fit 
the scope of this research. The next section will make a further investigation on introducing the 
concept of sustainable design (SD
2
) through review of literature of its fundamental definitions and 
principles.  
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CHAPTER 3  
SUSTAINABLE DESIGN 
3.1 Introduction 
In the previous chapter (Chapter 2), I reviewed the concept of sustainable development (SD
1
) 
in terms of its historical timeline, widely accepted definitions, principles and graphical representations 
that can commonly be identified in the literature.  
This chapter aims to establish a broad understanding of the key issues that describe 
sustainable design (SD
2
), and start to address the central study question what is sustainable design 
rather than restate the work of others in describing sustainable design, a wider picture is drawn that 
characterises the breadth of the concept and examines key aspects in some depth. In asking the same 
questions about SD
2
 as have been asked about SD
1
, it lays the groundwork for the subsequent chapter 
comparing and differentiating the two concepts.  
This chapter describes what SD
2
 is by presenting general knowledge of the concept including 
its definitions and principles. Additionally, this chapter also explores the perspectives of other 
disciplines on SD
2
. In this chapter, the term sustainable design has been explored with a 
product/service design perspective. 
Like the previous chapter, this chapter is largely based on the material from the literature 
review. Various practical projects are used in the text as examples of good SD
2
. Three sections in this 
chapter address the following three questions.  
-  What is sustainable design? (Section 3.2) 
- What are the fundamental principles of sustainable design? (Section 3.3) 
- What are the perspectives of various disciplines on sustainable design? (Section 3.4) 
 
3.2 Definitions of sustainable design 
Sustainable design (SD
2
) is a wide topic that society has hardly begun to deal with (Walker, 
2006). If we were to ask individuals to explain their experience of traveling to far-reaching places by 
bus we might get a variety of different answers, such as: “It is too boring- you sit in the bus for a long 
time, listen to the song or watch movies,” or “Satisfying all the travellers is not easy because you have 
to drive safe and make sure that the bus does not have any technical problems,” or “It is tiring  
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because I have to be on my feet for most of the time to entertain or explain the sightseeing to 
travellers.” At the end with the same question given we get so diverse and even contradictory answers 
but they are all reasonable, because they depend on the perspective of each respondent. The same is 
true for our perception about sustainable design. Our understanding of SD
2
 will differ depending on 
our perspective, because each time we change the angle we view the concept of sustainable design 
from, we can explore different picture of SD
2
.  
Besides the definitions mentioned in the World Commission on Environment and 
Development (Brundtland, 1987) report, there have been many researches on defining the definition 
of sustainable development with sustainable design point of view.  
McDonough (1992) argued that sustainable design is a concept of realizing the 
environmentally sound expressions as part of gradually developing nature. In other words, the author 
emphasized the firm linkage between design and the natural environment. This has a strong 
connection with the sustainability trend in 1990s, because the environment and natural resources were 
the main determinants of sustainability in this period. 
Jason McLennan (in “The philosophy of sustainable design” 2004) underlined that  
sustainable design is the philosophical basis of a growing movement of individuals and organizations 
that literally seeks to redefine how products are designed, built and operated to be more responsible to 
the environment and people. Sustainable design is a movement where both people and organizations 
work together to achieve the same goal, finding new and better solution for designing sustainably 
sound products (McLennan, 2004). 
Furthermore, Blevis (2007) established a new interpretation of sustainable design in Human 
Computer Interaction (HCI). According to Blevis sustainable design is disposal, salvage, recycling, 
remanufacturing of products for reuse in order to achieve longevity of use, to be able to share the 
maximal use. 
In a wide perspective, sustainable design is an activity of producing things, the practice which 
has a long-lasting effect on the eco system and human well-being. Based on the arguments above it 
can be concluded that sustainable design as a multidisciplinary research and practice field that 
embraces the principles of economics, society and ecology and creates tangible things and eco-
systems that mainly concerns environmental and human well-being, whereby being at the heart of 
sustainable development system.  
 
3.3 Principles of sustainable design 
In the previous chapter, we saw that the principles of sustainable development (SD
1
) are wide 
in number and scope. I have also argued that they are broad and complex in meaning, which makes it 
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challenging for companies, organizations and individual researchers to implement them in practice. 
This phenomenon has encouraged scholars in academia to take new action in reinterpreting the 
previously existed SD
1
 principles, so that they can easily be utilized in practical projects.  
Various types of sustainable design (SD
2
) principles have been developed, e.g. from reduction 
of environmental impacts of products and services to the measurement of those products and services 
by means of sustainability. Likewise SD
1
, the principles of SD
2
 can be broken into the same 
categories: practical principles and impractical principles (see sub-section 2.2.3). Regarding the 
sustainable design principles, the majority of its impractical principles available in the literature and 
especially the ones proposed by McLennan (2004)  overlap with those of sustainable development. In 
other words, they are in a philosophical (too abstract) level; thus it is hard to make any conclusions 
about the different perspectives of various disciplines without fully understanding them. Table 2 lists 
the six principles of sustainable design by McLennan.  
 
Table 2: The Six Governing Principles of Sustainable Design (from McLennan, 2004) 
 The Six Governing Principles of Sustainable Design 
1 Respect for the Wisdom of Natural Systems - The Biomimicry Principle 
2 Respect for People - The Human Vitality Principle 
3 Respect for Place - The Ecosystem Principle 
4 Respect for the Cycle of Life - The "Seven Generations" Principle 
5 Respect for Energy and Natural Resources - The Conservation Principle 
6 Respect for Process - The Holistic Thinking Principle 
 
 
 
Therefore, in this section I mainly focused only on the practical principles of SD
2
, by 
discussing their basic definitions in general. The general introduction and the basic definitions of the 
practical principles of SD
2
 are presented in the section 3.3.1. The summary of all principles of 
sustainable design are discussed in sub-section 3.3.2. Moreover, the greater detailed discussion of 
various disciplines’ (e.g. engineering and industrial design) perspectives on practical principles of 
SD
2
 are presented (each in a separate section) in section 3.4.  
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3.3.1 The “practical principles” of sustainable design 
A considerable amount of literature has been published on the practical principles of 
sustainable design. For example, Burall (1991) outlined mainly three important principles for 
environmentally aware people: 
1. Ensure the packaging, instructions and overall appearances of products encourage 
efficient and environment-friendly use. 
2. Analyse and minimize potential safety hazards. 
3. Increase efficiency, and minimize damage and pollution from products or materials. 
Additionally Edwin Datschefski in his book entitled The total beauty of sustainable products 
summarized the five principles of sustainable product as shown in Table 3 (as cited in Martin, 2003): 
 
Table 3: The five principles of sustainable product design. Adapted from The total beauty of 
sustainable products”, E., Datschefsk (2001). Rotovision 
Principles of Sustainable Product Design 
Safe(ty)  Products, and importantly their by-products, should not contain hazardous 
materials. Sustainable products must solve safety issues. 
 
Solar  All the energy used to make or run the product should be from renewable energy 
in all its varied forms, most of which are ultimately driven by the sun. 
 
Efficient  Increasing the efficiency of materials and energy use means less environmental 
damage. 
 
Cyclic  Products should be either be part of natural cycles, made of grown materials which 
can be composted, or else become part of a man-made cycle, like closed-loop 
recycling. 
 
Social  A product cannot be great if its manufacture exploits workers. 
 
In spite of the fact that the application of practical principles of sustainable design varies 
among disciplines, they can be generally categorised into three hierarchical approaches: namely 
conserving, preserving and restoring, also known as the 3Rs of sustainable design that are reduce, 
reuse and recycle (Hill & Bowen, 1997). The 3Rs concept was further improved and changed into 4Rs 
(see Figure 9),reducing, reusing, recycling and recovering/restoring (Shedroff, 2009).  
The reason they gave for this was that, reduce, reuse, and recycle principle only deals with 
the current or future sustainability issues, but not the problems of the past. In contrast to the first 3Rs, 
the additional principle, the concept Restore, is intended to recover what humanity has done to the 
environment in the past, when there was no such conception of sustainability. However, the 4Rs of 
SD
2
 is relatively a new concept and lacks the implementation and precise definition. Due to this fact, a 
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majority of scholars tend to support their argument with the original 3Rs (reduce, reuse, recycle) 
concept.   
Nevertheless, when these principles are accurately performed, they can be far more 
productive in achieving sustainable design. Both of the concepts of sustainability, 3Rs and 4Rs, have 
been variously conceived and applied to practical projects in diverse areas such as waste management 
(Kazerooni Sadi, 2012), business (Liu, Kasturiratne, & Moizer, 2012), product design (Ioannou & 
Veshagh, 2011), manufacturing (Swee Siong, Sev Verl, & Yousef, 2011) and engineering (Xu, Liu, & 
Wang, 2005). Although all disciplines shared the same fundamental knowledge of both 3Rs and 4Rs 
of sustainable design, the way they apply them into practical projects varies from discipline to 
discipline. For instance, the scholars in the manufacturing discipline developed their own 
methodology based on the 3Rs of sustainability, which is called 6Rs (reduce, reuse, recycle, recover, 
remanufacture, redesign) manufacturing methodology (e.g. Lu et al., 2011).  
 
 
Figure 9: The “4Rs” (principles) of sustainable design 
 
The following sections present a more detailed discussion with practical examples of all 
elements of the 4Rs concept of SD
2 
in separate sections.  
 
3.3.1.1 Reduce 
The principle Reduce refers to using fewer resources or, if otherwise stated, reducing is using 
less. Perhaps, the reduction of materials and energy use in products and services is what designers and 
engineers can influence best within the context of sustainability.  Concerning the productivity and 
outcome, Reduce has been put on top of other two principles (Reuse and Recycle). The main reason is 
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that, if society reduces more (pollution, consumption, etc.), then it will leave less space to reuse or 
recycle. In other words, by reducing the impact of products and systems we can spend less effort, time 
and energy to think about how to reuse and recycle them. 
For a more comprehensive picture providing better explanation of the principle Reduce in 
designers’ and engineers’ perspective, it is essential to examine in greater depth its primary categories 
(also can be understood as principles). As depicted in Figure 10, the reduction can be achieved 
through the following four fundamental categories: (1) design for use, (2) design for efficiency, (3) 
material substitution, and (4) localization (Cairncross, 1991; Shedroff, 2009; Willing, 1994) 
(Cairncross, 1991; Shedroff, 2009; Willing, 1994). 
 
 
Figure 10: The primary categories (concepts) of the principle “Reduce” 
 
3.3.1.1.1 Design for Use 
The concept Design for Use (DfU
1
) describes one of the important principles engineers, 
designers, managers should keep in mind: that their innovative solutions are usable. No matter 
whether the solutions are products or services, they should be used by those whom they are intended, 
instead of being discarded. This will obviously prevent developers spending time and effort to think 
about how to re-use or recycle those discarded products and services. 
Shedroff (2009) proposed four principles of the concept Design for Use which can be used by 
different disciplines to create more renowned solutions: 
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1. Usability - the principle that stands against the complex products and services and requires 
solutions to be easy to use. 
2. Simplicity - the idea of getting rid of functions and features to leave them in a small 
number. 
3. Accessibility - making solutions available for wide range of people, with variety levels of 
knowledge and backgrounds. 
4. Meaning - the connection or the relationship between developers and customers, and 
between customers and products, services, or organizations. 
 
3.3.1.1.2 Design for Efficiency 
The term Design for Efficiency (DfE) also known as eco-efficiency in academic area is one of 
the important strategies for achieving better sustainability. The core idea of this concept is reducing 
the amount of materials and energy. Increasing the efficiency of materials and energy use throughout 
the whole product/service development process simultaneously reduces the impact on resources and 
the environment. This is why the Design for Efficiency concept is also called eco-efficiency. 
The term eco-efficiency was first defined by the World Business Council for Sustainable 
Development (WBCSD) (2000, p.4, as cited in DeSimone & Popoff, 2000) as the follows: "Eco-
efficiency is achieved by the delivery of competitively priced goods and services that satisfy human 
needs and bring quality of life, while progressively reducing ecological impacts and resource 
intensity throughout the lifecycle to a level at least in line with the Earth’s estimated carrying 
capacity”. With that in mind, eco-efficiency emphasizes services that satisfy customer’s needs, while 
at the same time focusing on quality of life. Moreover, the concept considers the entire product life 
cycle in order to reduce the energy and material needs of manufacturing of products and use of 
services and makes sure that the profits are coming from within the earth’s carrying capacity. 
 
3.3.1.1.3 Material Substitution 
The material substitution approach, also known as dematerialization, requires services and 
products, wherever and whenever possible, to be able to be replaced with alternatives that have less 
impact on the natural environment. Various definitions exist (see Appendix F), however in general, 
material substitution refers to the fully or proportionate reduction of materials or waste in production 
process (Cleveland & Ruth, 1998). Material substitution is a long-term concept, which is tightly 
connected to long-range changes in technology, economy and society (Bernardini & Galli, 1993).  
One of the primary aims of the concept is protecting human well-being (health) by limiting 
human exposures to hazardous materials (Wernick, Herman, Govind, & Ausubel, 1996). Here well-
being refers to the factors such as levels of health and various types of security/safety issues, which 
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are caused by products and services. In material substitution wealth and human well-being have a 
forthright connection with economical side of sustainable design, which is known as natural capital 
concept (Engelbrecht, 2009). This concept refers to the capital that enables companies or individuals 
to produce products and services, which in turn provide them wealth and well-being. 
 
3.3.1.1.4 Localization 
There are two different definitions of the concept of localization which exist in the literature. 
The first definition of localization refers to creating products and services which can be easily 
perceived and used by its target audience with a totally different language background. For example, a 
multifunctional can opener made in Germany was designed especially for Russians. In order to 
succeed in the Russian market, the can opener should be localized. In other words, the company 
should provide all information about the product (e.g. how to use or when to use, etc.) in Russian, so 
that local people could understand why they should purchase the product. The second definition of 
localization concept, which is also known as power of local is about reducing the traveling distance of 
products or sometimes services as much as possible to get to the customers.  This saves energy and 
pollution since, products and services are being conveyed from shorter distances. 
In contrast to the former definition of the localization concept, the latter definition fits well to 
the context of sustainable design, as it embraces environmental and economic issues of sustainability. 
A product or service’s environmental impact is mainly caused by transportation. While there are many 
other methods (e.g. traffic-based, mobility-based and accessibility-based measurements, from Litman, 
2003) which exist to measure the impact of transportation, one method is to calculate the carbon 
dioxide (CO2) emissions of various types of travel (See Appendix G). As shown in Appendix G, 
airplane and freight (e.g. the best way of transporting goods), are the biggest donors of carbon dioxide 
emissions; thus by reducing merely a mile of distance, huge amount of emission can be lessoned. 
 
3.3.1.2 Reuse 
Reuse, which is the second SD
2
 principle, is a very easy-to-understand, but yet extremely hard 
to achieve concept that combines materials and items that are in reusable quality (Peck, 2012). Simply 
speaking, reuse applies to providing a new way or situation to utilize old solutions (e.g., products, 
services, software, etc.), rather than discard them and think about how to recycle. This principle, 
indeed, leans on the fact that the already used products/services were well designed (e.g. well-
designed refers to design by following the principles of Reduce), and were both socially and 
environmentally accepted. Therefore, the principle of Reuse most frequently comes after Reduce.  
As depicted in Figure 11, the principle Reuse can be achieved through three approaches:  
1. Design for durability 
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2. Design for upgradability and, 
3. Design for reuse  
 
 
Figure 11: Three principal approaches of “Reduce” 
 
3.3.1.2.1 Design for Durability 
Reducing the production and consumption quantity is crucial to solve environmental problems 
(see sub-section 3.3.1.1 Reduce). In order to reduce problems associated with natural resource 
expenditure and disposal, expending product/service’s life is efficient (Ishigami et al., 2003). To begin 
with, one approach to making products and services reusable is to increase their longevity, making 
them endure longer or in other words to provide durable solutions. If we refer to the dictionary 
definition then the term durability is defined as “able to exist for a long time without significant 
deterioration” ("Durability," 2012) (durability, 2012). The Design for Durability (DfD1) concept has 
been well accepted and implemented in various disciplines such as architecture (Siegesmund & 
Snethlage, 2011) by means of safety and longevity (cost-effectiveness) of buildings, product design 
(Ulrich & Eppinger, 2008) by means of robustness of products and satisfaction of users for certain 
amount of period, engineering (Bijen, 2003)  by means of safety and environmental aspects of 
materials and their creation, and etc.  
The ways to accomplish durability in products and services are twofold - increasing the 
quality of products/solutions (Garvin, 1984) and making the products easily repairable or providing 
free repairing service (Murthy & Ravi Kumar, 2000). However, one of the pitfalls of the idea of 
increasing the quality of products/services is that not all customers think that extra price is worth the 
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given quality.  Similarly, providing free or cheap repair services may be hard for products whose 
technology is developing quickly.  
In general, providing durable solutions theoretically sounds promising and without many 
problems or issues. However, in practice this is not the case, especially when it comes to market. The 
companies who produce products and mainly profit from selling them to consumers do not really 
embrace the durability concept positively. The main pitfall of durability concept for companies is that 
the long-lasting products eventually will decrease the customer needs, causing companies huge 
market share decline.  
One way to avoid the market loss is finding better solutions that enable companies to be able 
to control the level of durability in products – that is products/services are planned and built with 
obsolescence from the conception stage. This strategy is called as planned obsolescence, the 
marketing strategy proposed by Bernard London (1932) and popularized by an American industrial 
designer Brooks Stevens in 1954 (as cited in Adamson, 2005). There are two types of obsolescence 
exist: planned and perceived. Both planned and perceived obsolescence are really at the core of what 
is unsustainable design and against the durability concept.   
Planned obsolescence is how companies intentionally design to fail so that consumers have to 
buy the same item over and over again. It is implemented to make consumers want to purchase new 
products and services although the old ones are working properly. Many industries rely upon this 
strategy from electronic to fashion and even automobiles. Smartphone devices can be a good example 
of planned obsolescence. The majority of metallic parts of mobile devices are changed into plastic to 
make them more fragile. Changing the connector for chargers is another way of achieving the 
obsolescence. The iPhone 5’s new Lighting connector is one example (see Figure 12a & Figure 12b).   
Since the iPhone was first released in 2007, all versions of the handset have used the same 30-
pin dock connector to charge and transfer data. But the latest version which is the iPhone 5 uses a new 
8-pin connector for the same purpose. As a result people who used to own extra accessories such as 
speakers, alarm clocks and etc., which is designed for 30-pin dock connector, will have to buy a new 
adapter to connect the new device with old charging cable or buy a new 8-pin cable and dispose of the 
old one. This is not limited to Apple products; there are many companies that also produce accessories 
that are incompatible with a newer version of the same product type.  
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Figure 12: Apple 30-pin to USB Cable (a) and the Lightning to USB Cable (b). Source from: 
http://store.apple.com/us/browse/home/shop_iphone/iphone_accessories 
Perceived obsolescence is a little different and refers to desirability. In other words, this is 
looking at when products continue to function and work, but there are more cultural and marketing 
ways of making them seem obsolete. Old-fashioned boxy TVs are a good example here, where many 
of them were discarded when the new slim TVs came around, because they seemed a lot stylish and 
modern (see Figure 13a & Figure 13b).  
 
 
Figure 13: Samsung Tv DNIe Jr (a) and Samsung Luxia LED 8000 (b). Source from: 
http://newdelhi.olx.in/samsung-ultra-slim-tv-21-inch-dnie-jr-iid-430493013 
http://blog.seattletimes.nwsource.com/brierdudley/2009/01/07/ces_samsungyahoowow.html  
 Sustainable design cannot be ever succeeded unless inventors and manufacturers will loosen 
the dependency on anti-sustainable strategies such as planned obsolescence. Looking at sustainability 
through durability concept than the sustainable design can be achieved as follows.  
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3.3.1.2.2 Design for Upgradability 
Shimomura, Umeda, and Tomiyama (1999) defined product/artefact upgrade as the 
improvement of the product’s functionality and capability with new requirements to extend its service 
d and performance life. A method to accomplish the product upgrade is called Design for 
Upgradability (DfU
2
).The main goals of DfU
2
 are twofold: (1) to design  longstanding upgrade plans 
not for a single but for multiple product generations, which is achieved by adding or substituting 
additional functions/parts, and (2) to aid designers to come up with a proper design solutions for 
upgradable products and services (Umemori, Kondoh, Umeda, Shimomura, & Yoshioka, 2001). 
One of the main requirements of DfU
2
 is that all upgradable features and functions of 
products/services must be taken into account in the initial stage of product development. Thus, in 
order to design products with upgradable features, designers and engineers should make an upgrade 
plan that considers future technological trends, user needs and competing products (Sakai, Tanaka, & 
Shimomura, 2003).  
However, this does not mean that upgradability is only obtained through manufacturing 
products. Sometimes, creative business models, especially rental systems for products, may endure 
their longevity by maintaining them frequently. The reason is that the more products are maintained, 
the less environmental impact. One great example of such services is a project namely better place, 
whose founder Shai Agassi has initiated the idea of making electric cars practical or in other words 
durable, by extending their batteries’ life cycle (see Figure 14).  
 
 
Figure 14: An electric car design with switchable battery especially designed for the project better 
place. Source from: http://www.betterplace.com/How-it-Works 
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The main strategy to realize the idea of electric cars is to design switchable batteries that can 
be either recharged or replaced at service stations within few minutes. So whether the customers drive 
their electric cars for long or short distance, they will not have to worry about running out of battery. 
Customers buy the electric cars, but rent the batteries. The only thing they have to do is to pay for the 
charge, which is four times cheaper than gasoline. The following project is currently in progress in the 
following five countries (Australia, China, Denmark, Israel and Netherlands). 
 
3.3.1.2.3 Design for Reuse 
Design for Reuse is a concept mainly practiced in sustainability domain, which aims at 
preventing products from becoming waste by providing alternate usage solutions for the same 
products. One strategy of design for reuse is called design for deliberate reuse, which aims to design 
products/services- mainly products- with reusable options. For instance, disposable bottle, bags and 
diapers are good examples for design for deliberate reuse; whereas all of them have reusable options 
that help lessen the amount of waste. And on more of a creative front there is design for unintended 
reuse, in other words up-cycling, which is another strategy of accomplishing the design for reuse.  
 
 
Figure 15: Ordinary cardboard toilet paper roll covered with fabric and used to wrangle cords. 
Source from: http://www.apartmenttherapy.com/8-bath-items-to-reuse-around-112934 
http://www.betterplace.com/How-it-Works 
 
This strategy is about looking, very creatively, at all the different used products and materials, 
and try to think of them from an up-cycling (i.e. converting waste into useful object/product) 
perspective rather than disposing them. For instance, we can take a simple cardboard toilet paper roll 
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and transform it into a good cord wrangler by simply covering with fabric to make it  more durable 
and prettier (see Figure 15). The designers or manufacturers of the toilet paper roll could hardly 
imagine this use of their product and yet the result is still more valuable than the original state of the 
product. 
Some industries have huge potential for reuse. Buildings are great example for this. 
According to Guy, Linder and O’Brien (2002), about 60% of the demolished buildings is counted as 
waste and 80-90% of that waste can be reused (as cited in Marks, 2008). Unfortunately many of the 
reusable parts of products are discarded, because it is easier to do so. More traditional products such 
as bricks, metals and glasses can be reused or even rethinking things creatively like the project in 
Tukwila, Washington, where Starbucks reused four shipping containers for its building (see Figure 
16). 
 
 
Figure 16: A Starbucks buildings made out of four shipping containers. Source from: 
http://www.elevatorworld.com/blogs/?p=2686 
 
Other ways to reuse can be thinking about energy, water and waste. Demand for water – 
including all reusable items and natural resources - saving measures/solutions has been inclining due 
to the increase of consumption and climate in many parts of the globe (Derrien, 2007).  Smart 
solutions are crucial in dealing with design for reuse concept. On way to aid products to be more 
reusable is to design them easy to clean. This increases the possibility of product being used for 
different purposes, which also extends its life cycle rather than being disposed to recycle. Another 
alternative is to design things in a way, where users could easily set them apart from packaging and 
components.  
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3.3.1.3 Recycle 
Recycle is somewhat a different concept than reuse, because recycling actually takes a 
product and breaks it down to a raw material and then uses it again from that material source, where 
reuse obviously takes already used products and re-uses them for a different purpose and function. 
Recycling is very important from an environmental perspective, because it reduces the usage of pure 
natural resources in creating consumer products by prolonging the usage of old ones. Additionally, 
there is a lot of energy and carbon savings as well from process of recycling. For example, as we can 
see from Appendix H, recycling the aluminium it is 96% more energy efficient than extracting and 
creating aluminium from fresh natural materials and saves a huge amount of CO2 from being emitted. 
Recycling is a very complicating process however. The process of recycling involves lots of 
sorting, cleaning and melting. For instance, plastics, unlike other materials (e.g. glass, metal, paper 
and etc.) must be further sorted by plastic types such as PP, PE, ABS, PET and etc.  
The recycle principle of sustainable design possesses two main strategies: design for 
disassembly and close the loop. The following sections will discuss each of the principle in depth. 
 
3.3.1.3.1 Design for Disassembly 
One way to ease the process of recycling is to design products for easy to dismantle. This 
strategy is called design for disassembly (DfD
2
). In general terms, DfD
2
 is defined as a product design 
method that boosts the possibility of the products and their parts to be recycled (Zhang, Kuo, Lu, & 
Huang, 1997). More specifically, DfD
2
 is perceived as a design practice that enables the more 
economical separation and recovery of product components and materials by adopting the assembly 
methods (Billatos & Basaly, 1997; as cited in Giudice, Rosa, & Risitano, 2006).  
There are two levels of DfD
2
 exist: product disassembly and material disassembly (Dowie-
Bhamra, 1996). Product disassembly is about breaking a product down for reuse into its recognizable 
components. In other words, product disassembly level is about the second R of sustainability, which 
is Reuse (Section 3.3.1.2). A good example of product disassembly is a disassembling a computer in 
order to reuse its components (switches, circuits, etc.) for different purposes.  
Material disassembly, however, takes a product and separates it into several types of materials 
in order to recycle them. This sub-section primarily discussed the principles of material disassembly 
of DfD
2
, because it is directly connected to the concept of recycle.  
Designing products which are more easily disassembled is not difficult, especially when 
designers and engineers follow certain DfD
2 
principles from the early stage of the product design 
process. There have been several studies identifying the principles (guidelines) of DfD
2
 for designers 
and engineers to follow during the design process. The most comprehensive work has been carried out 
by Dowie-Bhamra (1996), who has developed twenty five principles (see Appendix I) related to the 
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three important areas of product disassembly (materials, fasteners and components, and product 
structure) and recycling.  
Although the principles were developed long ago, recently the innovative companies such as 
HP, Kodak, Autodesk, and etc. have been integrating them well into their product design process. 
HP’s recyclable notebooks and packaging designs can be a great example (see Figure 17).  
 
 
Figure 17: The HP laptop bag packaging eliminated several boxes, bags and foam from each 
computer shipped. Source from: 
http://www.core77.com/blog/featured_items/afterlife_an_essential_guide_to_design_for_disassembly
_by_alex_diener__15799.asp  
 
By following DfD
2
 principle number 19 (see Appendix I, part C), which is about minimizing 
the number of parts of a product and its packaging, Hewlett Packard’s Notebook Division started to 
reduce the number of parts involved with packaging. Instead of using foam blocks or paper pulp 
shells, the HP Pavilion DV6929 notebooks along with its accessories are packed inside the HP Protect 
Messenger Bag, which keeps the device safe during shipping. Additionally, traditional paper user 
manuals were replaced by SD cards, which could be also re-used for different purposes. 
Another good strategy to increase the likelihood of products being recycled is shown in 
Appendix I, part B that are standardizing and minimizing the number of fasteners in products, and 
making them easy to see and accessible on a single axis so the part does not have to be turned upside 
down. This strategy plays a great role for recyclers and manufacturers, because product disassembly 
(e.g. removing the toxic components such as batteries, mercury-containing parts, etc.) is the very first 
step of the recycling process (Lambert, 1997). Thus, decreasing the number of fasteners can reduce 
the time and cost of disassembly, whereas standardizing them will reduce the complexity of assembly 
and repair for manufacturers. It is important to mention that fasteners should also be easily accessible 
by recyclers; otherwise the parts will likely not be recycled. 
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There are several DfD
2
 principles for designers and engineering to think of when it comes to 
material disassembly. The most commonly used strategy is minimizing the number of different types 
of materials, which simplifies the recycling process by saving the part separation time. The fewer 
types of materials, the smaller environmental impact is created. Additionally, all recyclable materials 
must be also clearly labelled according to international labelling system; otherwise they are likely 
discarded as waste. Often, recyclers do not have too much time to sit and identify each material and 
then sort. Labelling materials increases the materials’ value by allowing more accurate identification 
and sorting.  
Not all the recyclable materials can be simply mixed together. There are some special 
materials that should not be mixed with others. For example, plastic alone can be categorized into 
more than ten types and all are recyclable. However, plastic material have different chemical 
compositions, thus they cannot be mixed together in the re-manufacture process (Brooklyn-Park, 
2012). The same is true of many recyclable materials such as metals, glasses and etc.  Therefore, it is 
not enough to simply label materials as plastic or glass. The most appropriate way is using 
internationally accepted and commonly understood labels and pictograms of recyclable materials (see 
Appendix J). Moreover, like the principle of making fasteners accessible, the labels imprinted on 
products also need to be easily read. The most commonly used solution for this is moulding labels 
right into the materials, which does not require any paint or decoration. 
It can be concluded that all of the discussed principles of DfD
2
 aim at minimizing the time 
needed and the recycling costs, therefore make the product disassembly process easier. The simplest 
yet difficult approach to accomplish DFD
2 
is about creating creative and innovative solutions that 
directly influence the manufacturing costs, sustainable nature of products and services at the very 
beginning stage of development process. 
 
3.3.1.3.2 Close the Loop 
Designing products that use few parts and less material and are easy to disassemble, and 
thinking about products’ capability of being recycled even before manufacturing them is one way of 
stepping forward the concept of Recycle. However, when we return to a macro view of the concept of 
Recycle from the universal perspective, the situation is much more complex. The ideal strategy of the 
concept Recycle is recycling the existing waste and preventing the products from future destruction. In 
other words, nothing dangerous should exist to the environment through natural resource 
consumption. This can only be accomplished by closing the flow of resource input and waste output.  
In academic term this strategy is called as close the loop or closed loop recycling system (CLRS).  
Mazzoni (2012) defined the term closed loop recycling as a production process in which 
product waste is collected, recycled and reused to make new products. The main objective of CLRS is 
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to reduce environmental burden as well as reduce costs through material and energy savings.  Highly 
depending on the context the CLR process can be both simple (e.g. using recycled aluminium to make 
new cans) and complicated (e.g. turning recycled plastic into a synthetic fabric for clothing). 
According to Frosch (1997) the closed loop recycling system can only function properly when all of 
the players - customers, recyclers, manufacturers, and even suppliers - within sustainability system 
work together to regain and use the valuable materials from the waste stream. 
Walter Stahel (Stahel, 1998) described the value of CLRS in economic context (also known as 
Loop Economy). He argued that CLRS can be categorized into two sub-loops, which are river 
economy and lake economy (see Figure 18a & Figure 18b).  
 
 
Figure 18: The first sub-loop of CLRS – river economy (a) and the second sub-loop of CLRS – lake 
economy (b) Source from: 
http://www.flickr.com/photos/rosenfeldmedia/3264822425/in/photostream/lightbox/ 
 
The first sub-loop, river economy, is about repair and reuse of products and materials by the 
communities or the users themselves (see section 3.3.1.2 Reuse), where they eventually become waste 
at the end (see Figure 18a). Repairing printer or refilling its cartridge and even using its material for 
other products can be a great example of river economy.  The second sub-loop, lake economy, refers 
to recycling the products (mainly materials) after they are tattered or no longer usable (see Figure 
18b). The main point in here is that products and their material must go through at least one cycle of 
recycling process before they are disposed as trash. 
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In practice there have been several approaches developed to implement the idea of closed 
loop recycled system. The most commonly applied approach is a product take-back program. The 
main goal of product take-back program is to pressure manufacturers to take the responsibility for 
their products at the end of their useful lives. The process of this program is simple. First, buyers 
(consumers) take products back to the places where they were purchased, and then retailers submit the 
collected products back to the manufacturers, who then recycle them up to the possible point. 
Companies such as HP, Tesco, Patagonia, etc., are good examples of current leading practices. 
Information about companies implementing the idea of take-back program and closed-loop system is 
summarized in Table 4 which was adapted from (WorldEconomicForum, 2009). 
 
 
Table 4: From the frontier - examples of current leading practices. Adapted from World Economic 
Forum. (2009). Driving Sustainable Consumption Closed Loop Systems Overview Briefing.    
Nike 
Considered 
Design 
products 
Nike's “Considered Design” range of products aims to produce goods that are fully 
closed loop. They are designed using minimal materials for easy disassembly and 
either easily recycled into new products or safely returned to nature at the end of 
their life – while still exceeding performance expectations. The company aims to 
reduce waste throughout its supply chain by 17% and increase use of 
environmentally preferred materials by 20% by 2020.  
RECYCLA 
S.A, Chile 
RECYCLA was the first company in Latin America to recycle discarded 
computers, televisions, mobile phones, fax machines, and other electronic devices. 
Such e-waste accounts for 70% of toxic waste in landfills. RECYCLA has been 
working with companies from diverse industries on the implementation of a 
complete reverse logistics program for product packaging and electronic products. 
Electronics makers collect old devices from business customers and send them to 
RECYCLA, which extracts the recyclable materials. Most of the work is done by 
former prison inmates, whom the company hires to help them reintegrate into 
society. 
Teijin Limited 
Polyester 
recycling 
Teijin, an Osaka, Japan-based fiber manufacturer, uses the ECO-CIRCLE closed-
loop recycling system, which employs chemical-recycling technology to reprocess 
used polyester products bound for landfills or incineration. These can be restored 
into the raw material with no quality decline to produce new polyester material. 
Patagonia 
Clothing 
recycling 
Teijin, an Osaka, Japan-based fiber manufacturer, uses the ECO-CIRCLE closed-
loop recycling system, which employs chemical-recycling technology to reprocess 
used polyester products bound for landfills or incineration. These can be restored 
into the raw material with no quality decline to produce new polyester material. 
HP 
Product return 
and recycling 
Teijin, an Osaka, Japan-based fiber manufacturer, uses the ECO-CIRCLE closed-
loop recycling system, which employs chemical-recycling technology to reprocess 
used polyester products bound for landfills or incineration. These can be restored 
into the raw material with no quality decline to produce new polyester material. 
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Tesco 
Recycling 
program 
Tesco, the United Kingdom’s largest retailer, offers Club Card points to its 
customers if they bring back goods that are harmful to the environment and should 
be returned to the manufacturer or a specialized waste management company. 
Tesco now collects inkjet cartridges and mobile phones in many of its shops, which 
it then sends back to the manufacturer for disposal and recycling.  
 
 
3.3.2 Conclusion - Connecting the chains 
In the last several sections, all three principles (reduce, reuse and recycle) of sustainable 
design (SD
2
) have been analysed in isolation. However it is important to look at sustainability from a 
broader perspective by pulling all the concepts (principles) of SD
2
 together. A summary including 
their fundamental definitions and widely used strategies of the practical principles of SD
2 
is shown in 
Table 5. 
 
Table 5: Summary of the practical principles of sustainable design (SD
2
) 
Principles Definition Strategies 
Reduce 
Less is more in the context of the three 
pillars of SD (environment, society and 
economy) 
1. Design for use  
2. Design for efficiency  
3. Substitution  
4. Localization  
Reuse 
The principle that counts on the fact that the 
older products must be designed in a way 
that after they serve their duty could be 
useful for different things 
1. Design for durability  
2. Design for upgradability 
3. Design for reuse  
Recycle 
Basically those items that are not eligible to 
serve for different purpose (can’t be reused) 
should be at least recyclable (packaging) 
1. Design for disassembly  
2. Close the loop  
 
 
As discussed in previous sections the concept 3Rs (reduce, reuse, recycle) is a practical 
principle of sustainable design that contributes to the global environmental issues such as 
consumption and production, resource saving and reduction, and so on. The widely accepted flow to 
achieve sustainability starts with implementing the concept Reduce which is focusing on reducing 
material and energy impacts of products and services. The next is the concept Reuse which mainly 
about creating smart solutions for products and services that endure longer, and as well as searching 
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for other alternative ways when they are worn out. And finally the last step, the concept Recycle, 
comes into the stage and aims to control over the natural resource (material) uses by reclaiming the 
value of used products.  
From the examples presented above it can be concluded that, merely realizing the problems 
associated with sustainability is not just enough.  The awareness of critical sustainability issues and 
proposing smart solutions are the only ways of accomplishing sustainable design and its principles in 
practice. The sustainable design is a whole big cycle where players such as expertise (designers, 
manufacturers, and etc.) and consumers are involved. To make that cycle work properly there should 
be coordination between all players.  
The principles presented above have provided a general picture of sustainable design. 
However, additional research is needed to understand the value and the meaning structure of 
sustainable design in practice. This can be accomplished by further studying the role and the methods 
of disciplines contributing to SD
2
, which will be presented in subsequent sections. 
 
3.4 Sustainable design in various disciplines 
In the previous sections (2.2~3.3), the fundamental definitions and principles (mainly 
practical principles) of the terms sustainable development (SD
1
) and sustainable design (SD
2
) were 
reviewed. Considering the complexity of sustainable design, there could be a potential benefit of 
exploring the perspectives of various disciplines on SD
2
. Thus, this section will explore the following 
question: 
-  What are the perspectives of various disciplines on sustainable design? 
As it has been found in the preliminary review of literature presented  within this thesis (see 
section 1.9), product design is the main research and practice area of sustainable design, and 
engineering design and industrial/product design are the key contributing disciplines within the area. 
As such examining these fields’ principles and practical tools/methods could provide (1) a 
fundamental understanding of how other disciplines deal with sustainability issues and (2) by doing so 
valuable insights can be drawn that would be useful in defining sustainable ergonomic design lenses.    
On the bases of the assumption, the following sections (3.4.1~3.7.1) explore the perspectives 
of two (engineering design and industrial/product designs) disciplines on SD
2 
by investigating their 
definitions, principles and methods applied to deal with SD
2
 issues. Each sub-section exploring the 
perspectives of the disciplines on SD
2
 begins by defining each discipline and introduces some of its 
principles and tools to assess sustainability. Finally, in the conclusion section, all the information 
gained in the previous sections are synthesised to depict the disciplines’ sustainable lenses. 
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3.4.1 Sustainable design in Engineering Design 
Engineering is an expansive profession and discipline that applies mathematical and scientific 
knowledge to research and design by implementing the most advanced technologies using proper 
materials, methods and systems to efficiently obtain desired goals (Brockman, 2009; Wright, 
2002).The basis of engineering and its education have a long history of development (Grasso & 
Burkins, 2009).With regards to history, engineering is comprised of four main disciplines: electrical, 
chemical, mechanical, and civil engineering. However, there are more than 20 engineering disciplines 
(see Table 6) has been recognized by the professional societies (Moaveni, 2008). Additional list of 
useful Websites providing more information about engineering disciplines can be found in Appendix 
K. 
Due to the fact that engineering is such a diverse and vigorous academic field (Brockman, 
2009), it is impossible to summarize each area in any depth. Therefore, this section investigated 
engineering disciplines with a product and service design perspective (engineering design), as that is 
the type of engineering this study focuses on.  
A necessary step is to define what is meant by the term engineering, or more specifically 
engineering design. Consequently, this section starts with defining the two different terms 
engineering (in general) and sustainable engineering (sub-section 3.4.1.1). Next, the sub-section 
3.4.1.2 introduces various principles of sustainable engineering. Finally, the sub-section 3.4.1.3 
investigates the engineering tools and methods that deal with sustainability issues. 
 
Table 6: The partial List of engineering disciplines. Adapted from 
http://www.sinc.sunysb.edu/Stu/hnaseer/photo.htm 
# Engineering Disciplines 
1 Aerospace Engineering 11 Environmental Engineering 
2 Agricultural Engineering 12 Fire Protection Engineering 
3 Architectural Engineering 13 Industrial Engineering 
4 Bioengineering/Biomedical Engineering 14 Manufacturing Engineering 
5 Ceramic Engineering 15 Mechanical Engineering 
6 Chemical Engineering 16 Metallurgy and Materials Engineering 
7 Civil Engineering 17 Mineral and Mining Engineering 
8 Computer Engineering 18 Nuclear Engineering 
9 Electrical Engineering 19 Ocean Engineering 
10 Transportation Engineering 20 Others … 
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3.4.1.1 Engineering Design 
There have been many studies proposing the definition of the term engineering. As it has been 
mentioned in the section 3.4.1, engineering as a discipline is extremely huge. Per se, it is hard to 
provide a single firm and precise definition of engineering that adequately encloses the extensive 
scope of approaches to measuring this population. 
 There are, however, several historical and contemporary definitions exist in the literature that 
has been cited by majority of scholars. Some of the definitions provide broader sense of the 
disciplines, whereas the others try to define engineering in more specific context. 
Because the aim of this thesis is to explore sustainable perspectives of each discipline 
mentioned in section 1.9, defining engineering discipline in sustainability context is important. 
Therefore, the following sub-sections (3.4.1.1.1 and 3.4.1.1.2) present engineering definitions in two 
ways: 
First, more general definitions of engineering discipline are presented, in the sub-section 
namely the standard definitions of engineering. The standard definitions refer to generally defined 
interpretations of engineering discipline.  
Second, the definitions of engineering discipline in sustainability context existing in the 
literature are defined in the sub-section titled definitions of sustainable engineering.  
 
3.4.1.1.1 The standard definitions of EngineeringDesign 
 In the annual report (1985), the Accreditation Board for Engineering and Technology 
(ABET), defined engineering as:  
“the profession in which a knowledge of the mathematical and natural sciences gained 
by study, experience, and practice is applied with judgment to develop ways to utilize, 
economically, the materials and forces of nature for the benefit of mankind.” (as cited 
in Wright, 2002, p. 22).  
There are certain essential components that explain the inherent nature of engineering. Engineering is 
both, discipline and profession. It generally recognizes obligation to clients and society. Moreover, the  
Committee on the Education and Utilization of the Engineer in U.S. defined engineering as an 
academic, as well as practice field that uses the knowledge of natural sciences in its research, 
development and system designs with the aim of creating products and services with a technical 
nature (National Research Council, Committee on the Education, & Utilization of the Engineer, 
1985).  
Additionally, Eide, Jenison, Mashaw, and Northup (2011) in their book namely Engineering 
fundamentals and problem solving defined engineering similar to the above definition. According to 
the authors, engineer and scientist are educated in the mathematical and natural sciences. And the 
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main difference between scientist and engineer is that, scientist mainly use knowledge to obtain new 
knowledge, whereas the engineer uses that knowledge to develop products and systems. 
In contrast to the holistic definitions above, Moaveni and Sharma (2011) described more 
precise and accurate definition of engineering design. Authors argue that engineering design not only 
formulates practical principles, but also creates mathematical solutions to design millions of products 
and services that are cost-effective, efficient and safe by utilizing various tools and materials. These 
products include cars, consumer products, health care devices, tools and machines, and so on. 
In short, engineers are problem solvers, whose arguments and solutions are based on natural 
science and mathematical knowledge, and consider efficiency, cost and human well-being. 
Engineering, in general, is conceived both, as an art and as a science. As a discipline, it encompasses a 
whole set of principles, tools and methods that can only be obtained by experience and practice. 
 
3.4.1.1.2 Definitions of Sustainable Engineering Design 
 The literature reviewed in Chapter 2 highlighted the terms sustainable development and 
sustainability as a complex concept that does not have a single precise definition, except for the 
widely-accepted meta-level definition of The Brundatland Commission (see section 2.2.2). Largely 
due to this reason, currently, there are few peer-reviewed papers defining the term sustainable 
engineering in the sustainable development context available in the literature. The vast majority of 
peer-reviewed academic papers that can be retrieved from databases mainly cover topics related to 
promoting sustainability or sustainable development in engineering education (Allenby, Murphy, 
Allen, & Davidson, 2009; Aurandt & Butler, 2011; Carew & Mitchell, 2008; Davidson et al., 2010). 
 However, definitions within the context of sustainable design encouraging collaboration with 
other disciplines (e.g., art and humanities) could be found from additional resources such as books, 
video files and official engineering centres. For example, following the 2009 UK Engineering Council 
Report, in contrast to engineering, sustainable engineering must wider its perspective including goals 
such as poverty relief, social justice, by collaborating with non-engineers. Furthermore, Dowling, 
Carew, and Hadgraft (2010) in their book entitled Engineering your future: an Australasian guide 
defined sustainable engineering as a practice that fosters all three aspects of sustainability 
(environmental, social and economic) by providing new solutions and technologies to efficient 
resource consumption and reduce pollution. This definition surely embraces a clear eco-efficiency 
focus in mind (Byrne, Desha, Fitzpatrick, & Hargroves, 2010). Further, Peter Head (Head, 2011), 
director of Arup and chair of the Institute for Sustainability, outlined his notion about sustainable 
engineering in conjunction with the practical principles of sustainable design (see section 3.3.1) as 
follows:  
“… and the way that we (sustainable engineers) define success in projects is also 
different. So projects need to reduce, resource, consumption … need to stop 
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environmental damage, need to provide more social and economic benefit. And I think, 
unless engineers address not just the engineering, but the social, economic and 
environmental impacts of what they are doing, we are not going to be successful.” 
 
In conclusion, the literature defined sustainable engineering as a profession, discipline and the 
scientific process of applying the certain principles of engineering (and engineering design) in a way 
that promotes constructive social and economic development, whilst reducing the environmental 
impact through innovative solutions and technologies.  
 
3.4.1.2 Principles of Sustainable Engineering Design 
Various principles within the field of engineering have been developed to describe the aim 
and the contribution of engineering to sustainability. For example, civil engineering specialists 
(Ratnayake, 2009; Tönshoff, Hillmann-Apmann, & Asche, 2002) proposed a set of sustainable civil 
engineering principles with a special interest  in understanding the value of constructing sustainable 
buildings.  
On the other hand, bio and chemistry researchers  (Villadsen, Nielsen, & Lidén, 2011) 
developed group of bio-reaction engineering principles with the purpose of creating eco-efficient  
materials for products. These efforts extended further in green chemistry engineering (Asfaw et al., 
2011) toward producing degradable chemical products and materials, and developing waste 
preventing methods to design renewable materials. 
 Considering the scope of this thesis, which is reviewing literature with sustainable design 
(especially from the product and service design perspective), investigating the sustainable engineering 
principles for sustainable product and service design are considered most appropriate. Thus, the 
particular focus of this sub-section was to review the literature associated with sustainable engineering 
principles related to designing sustainable products and services.  
A considerable amount of literature has been published on defining particular sustainable 
engineering principles with respect to product and service design process. Although it is not possible 
to review and discuss all of the principles, an attempt has been made to discuss the most widely-
accepted principles those of special interest for sustainable design. The most comprehensive work has 
been carried out by Anastas and Zimmerman (2003), who have proposed 12 principles of green 
engineering (see Table 7).  
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Table 7: The 12 principles of green engineering. Partially adapted from “Peer reviewed: design 
through the 12 principles of green engineering,” P. T., Anastas, & J. B., Zimmerman, (2003). 
Environmental Science & Technology, 37(5), 94-101. 
# Principles Key points 
1 
Designers need to strive to ensure that all material and energy 
inputs and outputs are as inherently non-hazardous as possible. 
Materials must be non-
hazardous.  
2 
It is better to prevent waste than to treat or clean up waste after it is 
formed. 
If possible Reduce first. 
3 
Separation and purification operations should be designed to 
minimize energy consumption and materials use. 
Energy-efficient material 
use. 
4 
Products, processes, and systems should be designed to maximize 
mass, energy, space, and time efficiency. 
Efficient product design. 
5 
Products, processes, and systems should be “output pulled” rather 
than “input pushed” through the use of energy and materials. 
 
6 
Embedded entropy and complexity must be viewed as an 
investment when making design choices on recycle, reuse, or 
beneficial disposition.  
 
7 Targeted durability, not immortality, should be a design goal. More durable products. 
8 
Design for unnecessary capacity or capability (e.g., “one size fits 
all”) solutions should be considered a design flaw. 
Standardization of 
products. 
9 
Material diversity in multicomponent products should be 
minimized to promote disassembly and value retention. 
Easy to disassemble 
products 
10 
Design of products, processes, and systems must include 
integration and interconnectivity with available energy and 
materials flows. 
 
11 
Products, processes, and systems should be designed for 
performance in a commercial “afterlife”. 
Products /materials must 
be reusable. 
12 
Material and energy inputs should be renewable rather than 
depleting. 
Renewable material 
design. 
 
Authors argued that, the 12 principles of green engineering provide guidance to engineers of 
how to optimize their products and systems that can fit the requirements of SD
2
. The 12 principles of 
green engineering mainly emphasize that sustainable engineering must be engaged in creating 
renewable and energy efficient materials to design durable and reusable (sustainable) products. To 
achieve sustainability in engineering, the principles are interconnected and therefore must be 
implemented in unison, rather than in isolation. 
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In practice, the aforementioned are mainly used to design energy efficient engines, bio-fuel or 
solar-powered vehicles, energy producing windmills, even inventing cost-effective and renewable 
materials for environment friendly products, and provide dozens of mathematical solutions to solve 
sustainability issues. 
 
3.4.1.3 Sustainable Engineering Design tools/methods  
The literature reviewed above defined sustainable engineering as a discipline that addresses 
sustainability issues by creating solutions for energy efficient and eco-friendly products and materials. 
In order for this to happen, however, engineers should have certain theoretical approaches that can 
describe and predict the environmental conditions of their solution. Therefore, sustainability 
assessment tools and methods play an important role in achieving sustainability.  
To date various tools have been developed and introduced to measure the social, 
environmental and economic aspects of sustainable engineering as a whole system. For example, 
Hasna (2008) alone reviewed the literature from the period and found nearly thirty sustainability 
assessment tools in sustainable engineering. According to the author, many of the tools documented in 
the paper were designed based on the qualitative techniques. Although it is not possible to analyse all 
Hasna’s finding here, I shall investigate merely three major SA tools, in short account, that have been 
widely used in practice: life cycle analysis (LCA), material flow accounting (MFA) and EMERGY 
analysis (EMA).  
Life cycle assessment (LCA) is an engineering tool used to quantify the environmental impacts 
caused by product manufacturing, use and disposal process. Various benefits of LCA for informing 
environmental decision have been identified, but all of them can roughly categorized into three types: 
(1) two or more types of products can be compared at a time to determine to see which would cause 
the least environmental impact, (2) those identified impacts can be further analysed each to the other 
to identify environmental trade-offs and (3), LCA can be used to express the sustainable values of 
products to consumers (Guinée, 2002). The only limitation of this assessment tool comes with the fact 
that not every aspect of products can be quantified to predict its impact. 
Material flow accounting (MFA) is defined (Schandl & Schulz, 2000) an engineering tool 
used to obtain the full balance between material output (products) and input (raw materials). In 
contrast to aforementioned tool (LCA), which mainly aims to measure the environmental impact of 
products or materials, MFA is mainly used to calculate the economic impact of the whole production 
system by taking into account the factors such as consumption, recycling and disposal (Verhoef, 
Dijkema, & Reuter, 2004). So in short, MFA provides evidence (i.e. evidences include information 
from manufacturing to 3Rs of SD
2
) for the trade-related life cycle of materials (products) that turn into 
a part of industrial economy.  
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EMERGY analysis (EMA) is an environmental accounting engineering tool that creates a 
standardized energy system language for various open systems such as thermodynamics (Odum, 
1996; as cited in Hasna, 2008). In short, it is an energy memory, which is mainly used to describe the 
amount of energy gained and used through solar panels technologies. It is, however, not limited to 
measure energy in solar panels. The main goal of this tool is to encourage engineers to develop the 
most practicable solution to obtain more energy from natural resources.  
 
3.4.1.4 Conclusion 
From the discussion above the engineering design perspective on sustainable design could be 
summarized as follows (Figure 19):  Engineering design is a scientific discipline that applies the 
knowledge of the mathematical and natural sciences, methodological tools such as LCA, MFA, EMA 
and provides innovative solutions to create energy efficient and eco-friendly products and materials. 
 
 
Figure 19: Engineering design lens to sustainable design  
 
3.4.2 Sustainable design in Industrial/Product Design 
Similar to the previous section (3.4.1), the following section defines sustainable lens of 
industrial design (ID) through literature review. It begins with defining the term industrial design 
(sub-section 3.4.2.1). Next, the sub-section 3.4.2.2 introduces various principles of sustainable 
engineering. Finally, the sub-section 3.4.1.3 investigates the engineering tools and methods that deal 
with sustainability issues. In the last sub-section (3.4.2.4) sustainable lens of industrial design is 
defined and explained through a diagram. 
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3.4.2.1 Defining Industrial Design 
Preliminary research showed that a majority of individual scholars and organizations across 
the world tend to use the term industrial design and product design interchangeably. For example, 
most of online articles published by the UK Design Council mainly used the term product design. 
Although, there have been efforts to define the terms separately (e.g. McDermott, 2008), for many 
designers product design and industrial design are almost identical terms, with many professionals 
being positive to express themselves in either way. Thus, in this sub-section the terms product design 
and industrial design are used interchangeably.  
In general, industrial/product design can be defined in two ways: as a discipline and as a 
profession. The major difference between these two definitions is that the discipline industrial/product 
design is complex in nature. Recently it has been argued that the notion of industrial/product design as 
a discipline can be broken into the following six types or frameworks (Dykes, Rodgers, & Smyth, 
2009; E. B. N. Sanders, 2006): 
- Disciplinary  
- Multidisciplinary 
- Cross-disciplinary 
- Inter-disciplinary 
- Trans-disciplinary 
- Individual researchers in groups 
 
Defining the industrial/product design as a discipline would also mean defining all 
collaborating disciplines as well, which is not the main concern of this thesis. Therefore, considering, 
the definitions discussed in this sub-section relate to industrial/product design as a profession. 
 
3.4.2.1.1 Standard definitions of Industrial Design 
According to Industrial Designers Society of America (IDSA) industrial design (ID) is 
defined as: 
“the professional service of creating and developing concepts and specifications that 
optimize the function, value and appearance of products and systems for the mutual 
benefit of both user and manufacturer” (IDSA, 2010). 
While this is a well-defined and adequately general definition to embrace majority of what industrial 
designers do, it fails to clearly visualize the role of industrial designers in practice. Additionally, the 
above definition does not include the ordinary people, who design their own products and do not have 
any direct relationship with manufacturers, in its scope. 
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To better grasp the notion of industrial design, it should be analysed in a deeper and broader 
perspective. To begin with, defining the term design will make it easier for audience to understand the 
meaning of industrial design. It was 1980s when industrial design started to define itself as a 
profession. Sir Misha Black a professor of industrial design at the Royal College of Art and key figure 
in industrial design education noted the role of industrial design in combining the needs of user and 
manufacturer. He defined industrial design profession as a creative process that intersects between art, 
science and technology in which both engineering and human needs are considered to be equal (as 
cited in Garrett, 2006). Here industrial design being a creative process refers to a strong suggestion 
that industrial design profession is understood as not only as a final product but also as a whole 
system implemented to design that product. Later, in 1988, Thomas Mitchell expanded Black’s 
interpretation by defining industrial design as a continuous and non-instrumental thought process in 
which the role of both designers and non-designers is equal (as cited in Gorman, 2003).  
Further, Suh defined the term design as “the creation of a synthesized solution to satisfy the 
perceived needs” (Suh, 1990).  Being the subcategory of design, industrial design is focused on design 
for industry and three-dimensional, mass-produced objects ranging from products and furniture 
through to the exterior and interior of vehicles (Fiell & Fiell, 2000). In addition, Press and Cooper 
(2003) further defined the aim of industrial design as to meet the necessity of stakeholders (e.g., 
consumers, manufacturers and etc.) involved in the lifecycle of manufactured products.  
Regarding the contribution of industrial design to practice, the scale of the role given to 
industrial designers is relatively small comparing to the professions such as engineers and marketers.  
Ullman (2004) in his book the mechanical design process outlined all possible members (majors) that 
are involved in large scale design projects and defined industrial designers role as follows: 
“Industrial designers are responsible for how a product looks and how well interacts 
with customers; they are the stylists who have a background in fine arts and in human 
factors analysis. They often design the envelope within which the engineer has to work.” 
In contrast to Ullman, Ulrich and Eppinger (2008) in their book entitled product design and 
development introduced the benefits of industrial design to product quality and illustrated how the 
industrial design process takes place. Unlike Ullman, the authors clearly identified two types of 
design products (i.e. technology-driven and user-driven) and defined industrial designers role based 
on the product type (see Table 8). 
The unique contribution that the industrial designers make to the product design process is 
somewhat focused in a limited number of areas such as aesthetics, function, and the relationship 
between the use and the product at the variety levels (e.g., emotional, perceptive and etc.). This 
unique contribution to the society in general is about two ideas central to industrial design: creativity 
and innovation. These ideas, however, cannot be achieved by everyone. Creativity and innovation 
requires natural talent and inborn skills to think and come up with unique concepts. 
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Table 8: The role industrial design (ID) according to product type. Adapted from “Product Design 
and Development”, K.T., Ulrich & S.D., Eppinger (2008) 
Product Development 
Activity 
Type of Product 
Technology-Driven User-Driven 
Identification of 
Customer Needs 
ID typically has no involvement. ID works closely with marketing 
to identify customer needs. 
Industrial designers participate in 
focus groups or one-on-one 
customer interviews. 
Concept Generation 
and Selection 
ID works with marketing and 
engineering to ensure that human 
factors and user-interface issues are 
addressed. Safety and maintenance 
issues are often of primary 
importance. 
ID generates multiple concepts 
according to the industrial design 
process flow described earlier. 
Concept Testing ID helps engineering to create 
prototypes, which are shown to 
customers for feedback. 
ID leads in the creation of models 
to be tested with customers by 
marketing. 
System-Level Design ID typically has little involvement. ID narrows down the concepts 
and refines the most promising 
approaches. 
Detail Design, Testing 
and Refinement 
ID is responsible for packaging the 
product once most of the engineering 
details have been addressed. ID 
receives product specification and 
constraints from engineering and 
marketing. 
ID selects a final concept, then 
coordinates with engineering, 
manufacturing, and marketing to 
finalize the design. 
 
Nevertheless, in conclusion, industrial design is a profession which is capable of 
understanding the user needs and generate innovative as well as creative solutions that result in 
valuable products useful not only to the consumers but also manufacturers. In contrast with engineers, 
who are mainly concentrated in partial design input (technological consideration), industrial designers 
are interested in total design or otherwise stated industrial designers are a part of the full product 
development process and take into consideration of the market, user needs and non-technological 
factors.   
 
 
3.4.2.1.2 Definitions of Sustainable Industrial Design 
One of the earliest practical definitions of industrial design with environmental perspective was 
presented by Victor Papanek in 1971: 
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“Design has become the most powerful tool with which man shapes his tools and 
environments (and, by extension, society and himself).” (Papanek & Fuller, 1972) 
This definition acknowledges industrial design as the tool through which the society can influence the 
environment and its issues. 
 Moreover, The International Council of Societies of Industrial Design defined the industrial 
design profession as: 
“Design is a creative activity whose aim is to establish the multi-faceted qualities of 
objects, processes, services and their systems in whole life cycles. Therefore, design is 
the central factor of innovative humanisation of technologies and the crucial factor of 
cultural and economic exchange.” (ICSID, 2012) 
Although this is surely a broad definition, it still considers the three aspects of sustainable 
development (environment, society and economy). The environmental aspect is underlined through 
the consideration of objects, processes, services and their lifecycles, whereas social aspect is cited 
through the notions of humanization of technologies and culture exchange. Finally the economic 
aspect is stressed as a crucial factor. 
 
3.4.2.2 Principles of Industrial Design 
Due to the lack of peer-reviewed articles available in the database regarding the principles of 
industrial/product design, the main sources of the information highlighted in this sub-section were 
either from books or famous industrial design practitioners. Furthermore, very early on in the 
literature review it became apparent that books and publications discussing the principles of 
industrial/product design can be classified mainly into the following four types: 
- Principles of “art” based industrial design (e.g., Varnum, 1916) 
- Principles of industrial design with engineering perspective (e.g., Suh, 1990) 
- Principles of industrial design with product design and marketing perspective. 
- Principles of sustainable product design (SPD). 
Taking the first objective of the following research into account, that is defining the sustainable lenses 
of disciplines with product and service design perspective, the principles of industrial/product design 
with product and marketing perspective and principles of sustainable product design are considered 
most appropriate. 
Industrial design is a process and as well as an activity.  In this research the principles of 
industrial design were defined as a fundamental verity of the profession. They portray the basic 
assumptions and hypothesis of the realm that guide the product and service design process. In general, 
the principles of industrial design can be grouped into two types: specific (detailed) principles and 
comprehensive (broad) principles. The specific principles that influence industrial/product design 
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comprise the development of the particular products and services from the initial point 
(conceptualization) to the final stage (product manufacturing and use).  By contrast, comprehensive 
principles can describe the entire process of industrial design, whereas more specified principles are 
valuable to explain the characteristics of a particular object. However good design principles cover 
both of the aforementioned types. 
One of the greatest product designers of 1980s, whose work had a major impact Steve Jobs, 
Jonathan Ive, and the majority of minimalistic and functional Apple products, Dieter Rams set ten 
principles (also known as Ten Commandments) of industrial/product design that described the 
attributes of a good design (Rams, 2012). Presenting the principles alone is not enough; further 
explanation must be provided as shown in Table 9.  
The Rams’ ten principles of good design clearly differentiate industrial designers from other 
profession within the product development process. Assuming the term good design refers to 
industrial design it can be argued that industrial design is an innovative profession that creates 
products that are user friendly, aesthetically appealing, long-lasting and environmentally sound.  
Rams believed that aesthetically good looking product or a creative/innovative idea make the user 
want to use it for a long time without discarding it. 
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Table 9: Ten principles of good design. Adapted from “Ten principles for good design”, D., Rams 
(2012). Vitsoe, www. vitsoe. com/en/gb/about/dieterrams/gooddesign. 
# Principles Interpretations 
1 Good design is innovative An idea of a good product should be original and novel.  
2 
Good design makes a product 
useful 
A product is designed in order to be used, thus it has to 
satisfy the owner in various ways (e.g., functional, 
psychological and aesthetical) 
3 Good design is aesthetic 
The aesthetic quality and usefulness are integral attributes of 
a good product. 
4 
Good design makes a product 
understandable 
In order to satisfy the user, a product must clearly declare its 
function through the use of the user’s intuition. 
5 Good design is unobtrusive 
Products fulfilling a purpose are like tools. They are neither 
decorative objects nor works of art. Their design should 
therefore be both neutral and restrained, to leave room for 
the user's self-expression. 
6 Good design is honest 
It does not make a product more innovative, powerful or 
valuable than it really is. It does not attempt to manipulate 
the consumer with promises that cannot be kept 
7 Good design is long-lasting 
It avoids being fashionable and therefore never appears 
antiquated. Unlike fashionable design, it lasts many years – 
even in today's throwaway society. 
8 
Good design is thorough down 
to the last detail 
Consumer is the king. A good product must be accurate and 
logical to show respect toward the consumer. 
9 
Good design is environmentally-
friendly 
Design makes an important contribution to the preservation 
of the environment. It conserves resources and minimises 
physical and visual pollution throughout the lifecycle of the 
product. 
10 
Good design is as little design as 
possible 
Less, but better – because it concentrates on the essential 
aspects, and the products are not burdened with non-
essentials. Back to purity, back to simplicity. 
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Addition to Rams’ principles, Donald Norman described in depth the aspects of a specific 
object (Norman, 2002). In his book namely The Design of Everyday Things, Norman summarized 
principles which designers must apply to simplify problems and design useful products and systems 
(see Table 10).  He tried to relate his principles to the user and the relationship between users and the 
products performance. Norman argued that the performance of an object can affect the user of that 
object thus designers should always put users’ expectation on their priority list. In contrast to Rams, 
Norman’s principles are meant to be used by not only product designers but also software and 
technology related engineers. 
 
Table 10: Good Design principles. Adapted from “The design of everyday things”, D., Norman 
(2002). Basic books. 
Design Principles Interpretation 
Consistency 
Objects should possess pattern so that users could easily recognize 
them and apply them in critical moments. Inconsistency causes 
confusion doing exactly the opposite of what users expect. 
Visibility 
Key elements of products must be made visible to the user. Visible 
elements increase usability and learnability of  products  
Affordance 
Objects should provide users with clues as to how the object or 
control can be operated 
Mapping 
There is a strong relationship between control and its effects. This 
relationship is called mapping and designers should always aim to 
make them as clear as possible. 
Feedback 
Objects should provide users feedback about whether the action was 
succeeded or not.  
Constraints 
The system of an object should have restrictive (constraint) behaviour  
to prevent invalid data being entered or invalid actions being 
performed 
 
 
Assuming that by the term good design both Rams and Norman referred to sustainable design,  
it can be argued that the principles of industrial design for sustainability encourages designers to aim 
at designing innovative, aesthetically appealing, long-lasting and environmentally sound products that 
also satisfy consumer/user needs. 
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3.4.2.3 Tools and methods of Sustainable Industrial Design  
Industrial/Product design tools aid designers in many aspects of product development 
decision making. They are useful in different stages of the product development process, apply to 
different types of products and consider their life-cycle. Tools that are applied in the early stages of 
product design have greater ability to improve the environmental performance of a product. 
Considering the role of industrial design in product development process (see Table 8), 
industrial designers employ a variety of tools and methods, including the (Lunenfeld & Laurel, 2003; 
Self, Dalke, & Evans, 2009): 
- Design research processes, covering wide range of methods that investigate user needs, to 
conduct market research, to identify trends, etc. 
- Idea generation tools and methods such as conventional and digital sketching, brainstorming, 
mind-mapping, etc. 
- Concept development tools such as 3D CAD modeling, mock-ups, aesthetic models, etc. 
- Tools to communicate with others such as technical drawings. 
 
The design tools and methods mentioned above are typically used in both individual and 
group design projects. They are a clear example of industrial design tools and methods that has been 
built on the core industrial design activities. 
Additionally, there are many existing tools to promote the application of a sustainable design 
approach into product development process. Below is the list of some of the available industrial 
design tools and methods that are employed to deal with sustainable design issues (Shedroff, 2009): 
- Natural capitalism 
- Cradle to Cradle 
- Biomimicry 
- Life Cycle Analysis  
- Social Return on Investment 
- The natural Step 
- Total Beauty 
- Sustainability Helix 
Considering the complex system of sustainable design which requires various perspectives 
and points of view to analyze issues, the aforementioned methods (sometimes called as frameworks) 
play an important role not only for industrial designers but also other disciplines who are interested in 
social, ecological and economic factors of sustainable design.  
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3.4.2.4 Conclusion 
Likewise engineering design, industrial/product design discipline established various 
sustainable design principles together with methods and tools to handle sustainable design issues. 
From the discussion above, the industrial/product design perspective on sustainable design could be 
summarized as follows (Figure 20):  Industrial/product design is a creative discipline and profession 
which looks at sustainable design issues through notion of good design. Good design is both product 
and service that is affordable, user-centred, long lasting and environmentally sound. Industrial 
designers carry out various design research processes that cover principles and methods such as 
biomimicry, cradle to cradle, total beauty, etc. to investigate user needs, to conduct market research, 
and to generate smart solutions. 
 
 
Figure 20: Industrial/product design lens to sustainable design  
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CHAPTER 4  
HUMAN FACTORS ENGINEERING 
4.1 Introduction 
The literature reviewed in Chapter 2 highlighted the fundamental knowledge about the 
widely-spread concept of sustainable development (SD
1
) in breadth. Similarly, Chapter 3 looked at 
the origins of the concept of sustainable design (SD
2
) by showing the fundamental differences 
between the two concepts (SD
1
 vs. SD
2
), and investigating the core principles of sustainable design. 
Chapter 3 also explored the sustainable lenses of other disciplines/professions (i.e., engineering 
design and industrial/product design). This chapter presents an overview of the literature regarding the 
current practice of ergonomics in sustainable design and associated problems respectively. The aim of 
this chapter is to provide an answer to the following central question, which was also presented in 
Section 1.3: 
- What is sustainable design in human factors engineering? 
When defining a field one should ask how the area is bound, what is its unique knowledge 
content, what are its central theses, and how do we provide a concise, succinct statement that 
characterizes the area? (Dempsey, Wogalter, & Hancock, 2006). To answer these fundamental 
questions I structured this chapter as below. 
Section 4.2 will briefly introduce to the basics of Human Factors Engineering (HFE) and 
Ergonomics. Consequently, the sub-sections will investigate the definitions, the origins, research and 
practice areas as well as the central thesis of the HFE/Ergonomics discipline.  Current 
research/practice progress of HFE/Ergonomics in sustainability domain will be presented in Section 
4.3. And finally, the future directions for HFE/Ergonomics in sustainability will be proposed and 
discussed in Section 4.4. 
 
4.2 What is Human Factors Engineering/Ergonomics? 
4.2.1 Introduction 
To begin with, the word ergonomics is derived from the combination of two Greek words 
ergos (work) and nomos (laws) and thus etymologically this is the science of work. Many researchers 
argued that the idea of ergonomics, as a field, was originally proposed by the Polish scientist B.W. 
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Jastrzebowski (1875a-d), who defined as a scientific discipline with a very broad scope and wide 
range of applications (e.g. Dempsey, Wogalter, & Hancock, 2000; Karwowski, 2005). Historically, 
the term ergonomics has been used mainly by European scientists, whereas American scientists 
preferred to use the term human factors engineering to refer the same topic. European ergonomics 
mainly focused in work physiology, biomechanics and workstation design. On the other hand, human 
factors had its roots in psychology, where the focus was on human performance and systems design 
(Chapanis, 1971 as cited in Licht, Polzella, & Boff, 1989).  
However, there are number of other terms, such as engineering psychology, cognitive 
engineering and cognitive systems engineering, used to describe ergonomics in general. Cognitive 
engineering and cognitive systems engineering stresses the significance of human information 
processing for science (Hollnagel & Woods, 2005). 
Generally speaking, ergonomics requires an interdisciplinary knowledge. This is due to the 
following five reasons (Helander, 2006):  
1. to formulate systems goals; 
2. to understand functional requirements; 
3. to design a new system; 
4. to analyse a system 
5. to implement a system 
The interdisciplinary nature of ergonomics encompasses several links to other disciplines and 
professions such as engineering, psychology, and medical professions, to name a few (Scott, 2009). 
 
4.2.2 Definitions 
One way to examine how an area embraces its domain is to see how it is being represented in 
various definitions. Definitions reflect how people specify some topic or concept using available 
language. Terms most frequently used to describe an areas scope can be a significant source of 
insight. 
During the 50 year history of ergonomics, there has been a long debate over the relevancy of 
the terms ergonomics, human factors, and human factors engineering. Many argued that these terms 
can be used interchangeably. Some discussed differences among these terms. In fact, new words are 
constantly being introduced by technical communities resulting in confusion among readers. Licht et 
al. (1989) in their book presented more than seventy definitions of factors/ergonomics with various 
perspectives. Although it is impossible to review all or even a reasonable portion of these definitions 
in this section, I will cite a few significant definitions to sketch the broad outline of the general 
meaning of human factors/ergonomics. As such, throughout this chapter, the terms ergonomics, 
human factors, and human factors engineering will be used interchangeably. 
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
62 
 
More general definition of the HFE/Ergonomics was proposed by Murrell (1965) and 
Chapanis (1965). According to the authors, HFE/Ergonomics is a scientific study of the relationship 
between humans and their work environment (as cited in Vassiliou, 1984). 
Moreover, in August 2000, the International Ergonomics Association (IEA) defined 
ergonomics as follows (IEA, 2000): 
“Ergonomics (or human factors) is the scientific discipline concerned with the 
understanding of the interactions among humans and other elements of a system, and 
the profession that applies theoretical principles, data and methods to design in order 
to optimize human well-being and overall system.” 
The IEA’s definition of ergonomics refers to the analysis of work-related factors that may possibly 
result in a risk of musculoskeletal disorders and the advancement of practices to reduce their negative 
impacts. 
 Similarly, Waldemar Karwowski (Karwowski, Soares, & Stanton, 2011) in his book namely 
Human Factors and Ergonomics in Consumer Product Design defined ergonomics as follows: 
“HF/E (human factors/ergonomics) is a unique and far-reaching discipline that focuses 
on the nature of human-artefact interactions, which are viewed from a unified 
perspective on science, engineering, design, technology and management of human-
capability systems.”  
In Karwowski’s definition the term human-capability systems referred to a variety on natural and 
artificial products, processes, and living environments. Although both the IEA and Karwowski’s 
definitions are fairly lengthy, they express many of the diverse ideas concerning what the field of 
ergonomics is about. 
 Additionally, HFE/Ergonomics is a multidisciplinary field dedicated to design for human use 
and for user-centred design (Morrell, 2001). The multidisciplinary aspect of ergonomics can be found 
in the definition of  Dempsey et al. (2000). According to Dempsey et al. ergonomics is: 
“the design and engineering of human–machine systems for the purpose of enhancing 
human performance.”  
HFE/Ergonomics can be involved in various design tasks that aid users and help them achieve 
a wide range of goals. Furthermore, HFE/Ergonomics involves the application of engineering design 
and also gains knowledge of different fields such as psychology, engineering, biomechanics, and 
computer science to design safe and efficient human-machine systems. 
Based on the definitions above it can be concluded that HFE/Ergonomics is a scientific 
discipline (multidisciplinary), whose goal is to assess safety, comfort and efficiency to design better 
systems and artefacts (including machines, equipment, products and technology) to provide good 
work and working environment for people (users) through collaboration with, and application of, the 
engineering and design knowledge (Figure 21). 
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Figure 21: Category structure describing HFE/Ergonomics. Adapted from “What's in a name? Using 
terms from definitions to examine the fundamental foundation of human factors and ergonomics 
science.” P. G., Dempsey, M. S., Wogalter, & P. A., Hancock, (2000). Theoretical Issues in 
Ergonomics Science, 1(1), 3-10. 
  
4.2.3 Origins of HFE/Ergonomics 
Boff (2006) is his research discussed four generation of HFE/Ergonomics, which provided 
another view of the development of the discipline. The first generation is focused on adapting the 
physical fit of equipment, workplace, and tasks to match human capabilities and limitations. Its 
overall goal is to optimize human efficiency, well-being and quality of life. The second generation 
was initiated by the growth of complexity of work environments and systems. It mainly focused on 
systems rather than on workplaces and tasks. According to the author, complexity mentioned in the 
second generation is caused by product of combining people, technology, and work. In contrast to the 
second generation, the third generation HFE/Ergonomics is concerned with the connections between 
cognitive fit and equipment (e.g. controls, displays, actuators) or computing devices. In this 
generation, technology is implemented as an aid for human physical and cognitive abilities to 
overcome limitation and maximize the system effectiveness. The fourth generation, according to Boff, 
is focused on maximizing human effectiveness. In other words, it deals with how information and 
technologies are causing the change of basic human factors such as thinking, feeling, aging, and etc. 
This generation of ergonomics is recently emerging side of the discipline that looks forward to the 
future. 
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4.2.4 The diversity in HFE/Ergonomics 
Today, the definition of human factors is outspread to all human related activities in which 
various types of artefacts are put into effect. The range of ergonomics is comprehensive. 
Conventionally, there are more than fifteen different domains of the ergonomics discipline exist 
(Karwowski, 2005). However, the most often cited domains of ergonomics are threefold (Salvendy, 
2006): the physical, cognitive, and organizational ergonomics.  
Physical ergonomics primarily deals with the anatomical, anthropometric, physiological, and 
biomechanical parameters within both static and dynamic physical activities. Some of the main topics 
of this domain are the physical postures of workers, fatigue and other issues related to musculo-
skeletal disorders. 
Cognitive ergonomics is a sub-discipline of HFE/Ergonomics that mainly focuses mental 
(cognitive) processes such as perception, memory, reasoning, etc. with an objective of supporting 
reliable, effective and satisfactory performance. Cognitive ergonomics also deals with issues such as 
attention distribution, usability of human-computer systems, mental load, stress and human errors at 
work. 
Organizational ergonomics deals with the optimization of socio-technical work systems, 
including their structures, policies and processes. As such, human factors engineers are often 
concerned with the social design of communication systems, design of working groups, times and 
shift schedules in a company, and many other related issues. 
 
4.2.5 The central theses of HFE/Ergonomics 
HFE/Ergonomics is a multidisciplinary in nature. Numerous domains have been actively 
participating in various applications areas where ergonomics can intervene. Due to this reason, the 
goal of HFE/Ergonomics can be varied from domain to domain. For example, some researchers 
defined the goal of HFE/Ergonomics with a physical ergonomics perspective (Kaushik & Charpe, 
2008), whereas others defined with a macro-ergonomics perspective (Davis & Moro, 2004). 
Although the domains of HFE/Ergonomics discipline encompass diverse aims, from a broader 
perspective they share some similarities. Chapanis argued that the objectives of HFE/Ergonomics fall 
into mainly four categories as summarized below (Chapanis 1995, as cited in Salvendy, 2006): 
1. Basic Operational Objectives- reduce errors, increase safety, and improve system 
performance; 
2. Objectives Bearing on Reliability, Maintainability, and Availability (RMA)- increase 
reliability, improve maintainability, and reduce personnel and training requirements; 
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3. Objectives Affecting Users and Operators- improve the working environment, reduce 
fatigue and physical stress,  increase ease of use, increase user acceptance, and increase 
aesthetic appearance; 
4. Other Objectives- reduce losses of time and equipment, and increase economy of 
production; 
Sanders and McCormick (1992) in their book namely human factors engineering and design offered 
two primary objectives that can well represent distinguishing role of the HFE/Ergonomics discipline 
in general. The first objective, according to authors, is to enhance the effectiveness and efficiency 
with which work and other activities are carried out or otherwise stated, to increase convenience of 
use, to reduce errors and to increase productivity. The second objective is to enhance particular human 
values by improving safety, increasing comfort, reducing fatigue and stress, increasing job 
satisfaction, and improving quality of life.  
From the discussion above, the supreme objective of HFE/Ergonomics is to understand 
interactions between human being and everything that surrounds it, and based on such knowledge to 
optimize human well-being and overall system performance in terms of safety, efficiency 
(productivity) and satisfaction.  
 
4.3 Sustainability in HFE/Ergonomics 
In this section, I briefly review the broad perspectives that have shaped the early direction of 
HFE/Ergonomics thinking about Sustainability issues as well as the most central ergonomic research 
issues in the areas of sustainability, sustainable development, and sustainable design.  
In this regard, first, papers which attempt to converse the role or intervention of 
HFE/Ergonomics in sustainability are reviewed and presented (sub-section 4.3.1). Then, the problems 
associated with the HFE/Ergonomics perspective on sustainability are defined and presented (sub-
section 4.3.2). Finally, the future direction for HFE/Ergonomics discipline to deal with sustainability 
issues is formulated and discussed based on the core competencies of the discipline (sub-section 
4.3.4).  
 
4.3.1 Sustainability in HFE/Ergonomics: Then and now 
Despite the demands for research into building sustainable future, the lack of 
HFE/Ergonomics literature available shows that the position or the role of the discipline in dealing 
with sustainability (this also includes sustainable development and sustainable design) issues is rarely 
described or taken into account. The earliest attempts in HFE/Ergonomics towards sustainability can 
be traced back to 1990’s. About two decades ago, Moray (1993) suggested that human factors 
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professionals should focus on practical solutions to global problems such as inefficient energy and 
natural resource use, pollution and waste, and food shortages. Later, Moray (1995) argued that 
ergonomics can contribute to sustainability by designing lifestyle support systems that provoke the 
behaviour to reduce the seriousness of the global problems. Similarly, in 1997, Helander stimulated 
researchers in HFE/Ergonomics to tackle problems associated with the two pillars of sustainable 
development (environment and society). In spite of Moray’s (1995) and Helander’s  
(1997), persuasive appeals for HFE/Ergonomics to address sustainability problems, very little 
ergonomics research has regarded to deal with these issues.  
Nevertheless, in recent years, there has been an increasing interest in defining the contribution 
of HFE/Ergonomics to sustainability. Sauer, Wiese, and Rüttinger (2009) also observed that 
HFE/Ergonomics has recognized the importance of environmental considerations and to date, needs 
advocating the importance of the natural environment has been growing. For example, the new term 
sustainable development and human factors proposed by Steimle and Zink (2006) renewed the 
interest of ergonomics community toward sustainability. Appropriate for now, this brought about the 
foundation of an International Ergonomics Association Technical Committee on Human Factors and 
Sustainable Development, and a book on sustainable development with a macroergonomics 
perspective (Zink, 2008a), the Human Factors Ergonomics Society (HFES) has developed an objective, 
based on the relationship between human behavior and the designed environment, of promoting the 
integration of ergonomics principles into sustainable development, the foundation of a special interest 
group on green ergonomics within the Institute of Ergonomics and Human Factors (IEHFE), and  as a final 
point, the Ergonomics Journal, in 2011, announced a special issue on Ergonomics and Sustainability 
which aimed at illustrating contemporary research demonstrating the discipline’s contribution towards 
sustainability. 
In the next sub-section, some of the recent ergonomics research papers and online sources on 
sustainable development will be introduced.  to explore whether ergonomics professionals are following 
the direction in dealing with sustainability issues. It is important to mention that the sources that will be 
discussed in the next sub-section were chosen without following any rigorous methodology, but based on 
the accessibility to download. 
 
4.3.2 The current ergonomics direction in sustainability 
So far, from the discussion above two things became apparent. First and indeed the most 
important for this study, the global problems or otherwise stated sustainability issues have not gone 
un-noticed by ergonomics. This suggests the HFE/Ergonomics professionals have started to consider 
the importance of solving those issues. This is the very first step for ergonomics to intervene on 
sustainability issues. Second, it seems logical that human factors engineering have a potential to play 
a critical role in designing for sustainability. Once the first step is taken, momentum to move to the 
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next step, that is defining the right ergonomic direction within sustainability domain, seems to be 
building. In this context, the main objective of this section is to present and discuss some of the 
researchers’ work on promoting an understanding of the role of ergonomics in dealing with 
sustainability issues.  By doing so, I hope to highlight the current ergonomics direction in 
sustainability and the problems associated with those directions. 
From the literature review on ergonomics research papers proposing the future direction for 
ergonomic intervention in sustainability domain it became apparent that the majority of the proposed 
directions were either overlapped with other disciplines’ major tasks or had a very limited relationship 
with the concept of sustainable development. In addition, HFE professionals often used the term 
sustainable design or sustainability with regard to, state manufacturing (design), particularly with the 
meaning of fewer injuries, reducing waste and achieving lean manufacturing. For instance, 
Eswaramoorthi, John, Rajagopal, Prasad, and Mohanram (2010) argued that ergonomics could 
contribute to sustainable manufacturing by means of assessing workers’ posture on a production line. 
Authors stated that better working condition in lean manufacturing provides increased product quality 
and lower cost, which is the economics dimension of sustainability.  
Pursuing this further, ergonomics seems to have narrow logic when referring to economic 
practice in sustainable business. Particularly,  Zink (2008b) argued that it is reasonable to call 
business sustainable as long as it continues positively operate, which contradicts the concept of 
sustainable business. Moreover, some of the papers narrowly define one of the dimensions of 
sustainability, society or social sustainability, by relating it with avoiding injuries and providing 
healthy environment. For example, Attaianese and Duca (2012) proposed that one possible direction 
for ergonomics is in sustainable architecture.  The authors argued that the environment-friendly 
building should be healthy and comfortable for its inhabitants. In this manner, the authors believed 
that ergonomics principles such as usability measurements for buildings could play a crucial role. 
However, the authors failed to clearly describe how ergonomics in architecture can contribute to the 
three dimensions of sustainable development. 
On the other hand, Thatcher (2012b) in his paper published in Ergonomics Journal proposed 
two directions for HFE/Ergonomics discipline to intervene sustainability domain, which lead to a 
confusion among readers. According to the author, the first possible area in sustainability can be 
design of low resource systems and products. Particularly, author argued that there are considerable 
opportunities for ergonomics interventions to improve the eco-efficiency of products such as fossil-
fuel, bio-fuel vehicles, solar powered vehicles and etc. Alternatively, the author stated that, the second 
possible direction for ergonomics can be designing green products that are inspired from nature, more 
specifically the method namely biomimicry. However, the aforementioned directions appear to no 
different than those of engineering design and industrial/product design disciplines’ directions. As 
discussed in Chapter 3 (section 3.4), the major role of engineering designers in sustainability is 
designing energy efficient engines, bio-fuel or solar-powered vehicles, energy producing windmills, 
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even inventing cost-effective and renewable materials for environment friendly products, and 
providing dozens of mathematical solutions to solve sustainability issues. Similarly, industrial/product 
designers’ unique contribution lies in creative and innovative solutions for products and services by 
implementing various design methods including biomimicry. 
Overall, the literature reviewed thus far showed that the majority of proposed directions did 
not have pure ergonomics perspective on viewing sustainability issues, rather they appeared to have 
lots of in common with those of other disciplines. Furthermore,   HFE/Ergonomics discipline seems to 
represent sustainability by mainly referring to the economic and social dimensions (pillars) of 
sustainable development, rarely relating to the third dimension (environmental pillar). Answer to what 
has to be sustained and how is hardly found in ergonomics literature. 
Given these points, it can be concluded that there is a crucial need for clear direction for 
HFE/Ergonomics profession and pure ergonomic perspective on sustainability that does not overlap 
with other disciplines. Consequently, in the next section (4.4) I propose a new direction for 
HFE/Ergonomics researchers to tackle sustainability problems based on the differentiating features of 
the discipline. 
 
4.4 Defining an ergonomic lens to sustainable design 
Before moving on to proposing a new direction (namely ergonomics lens) for 
HFE/Ergonomics discipline to deal with sustainability issues, there are a couple of important things to 
mention. First of all, as I discussed in Chapter 1, this thesis focuses on a smaller subset of 
interventions within the broader domain of sustainable development, particularly the focus will be on 
sustainable design. Secondly, the ergonomic lens defined in the later sections will be based on (1) 
sustainable design principles that are conserving, preserving and restoring (3Rs) and (2) the definition 
of HFE/Ergonomics presented in section 4.2 that is: 
HFE/Ergonomics is a scientific discipline (multidisciplinary), whose goal is to assess 
safety, comfort and productivity (efficiency) to design better systems and artefacts 
(including machines, equipment, products and technology) to provide good work and 
working environment for people (users) through collaboration with, and application of, 
the engineering and design knowledge. 
 
4.4.1 Ergonomic lens to sustainable design 
The literature reviewed in the previous section showed that there is a certain amount of 
progress in HFE/Ergonomics research on sustainability. However, the major problem associated with 
the currently proposed ergonomic directions to sustainability is that they lack originality and lead to a 
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misleading between the perspective of ergonomics and other disciplines. In other words, meanwhile 
ergonomics professionals seem to look at sustainability from the perspective of other professions. 
This does not differentiate the core competency of ergonomics in sustainability domain but rather, 
Martin et al argued, will sell ergonomics to other disciplines within the field of sustainability. 
Ergonomists are in fact still struggling to be incorporated and recognized as an integral part of 
sustainable development/design. 
In the earlier part of the thesis, I investigated the sustainable lenses of two disciplines’: 
engineering design and industrial/product design. From the discussion I noticed that each of the 
discipline’s possessed their own perspectives to deal with sustainability issues, and those perspectives 
were established based on the disciplines’ expert areas. Thus it seems logical that ergonomics must 
build its own lens to sustainability based on core ergonomic competencies and should purely support 
the main goal and objectives of the HFE/Ergonomics discipline. The exercise of defining core 
ergonomic lens to view sustainable issues with ergonomic perspective is itself well worthwhile, 
because it prompts a profession to look closely at itself, its goals and its perceived contribution to the 
sustainable world. 
 
 
Figure 22: Ergonomic lens to sustainable design 
 
Several studies included in the literature review in section 4.2 defined the HFE/Ergonomics 
discipline as scientific discipline (multidisciplinary), whose goal is to assess safety, comfort and 
efficiency to design better systems and artifacts (including machines, equipment, products and 
technology) to provide good work and working environment for people (users) through collaboration 
with, and application of, the engineering and design knowledge and the main objective (goal) is to 
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maximize, and health by ensuring that systems are designed in such a way that the interactions are 
consistent with human capabilities, limitations, motivations, behaviors and preferences. Given these 
definitions and objective of the discipline, the ergonomics professionals should look at sustainability 
problem in terms of safety, efficiency (productivity), comfort (quality). In other words, safety, 
efficiency and comfort should be sustainable (see Figure 22). 
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CHAPTER 5  
CASE STUDY: DESIGN PROJECT 
5.1 Introduction  
In the previous chapter (Chapter 4), I defined an ergonomic lens to sustainable design and 
argued that HFE/Ergonomics should look at sustainable design issues through safety, efficiency and 
comfort perspective. In this chapter, practice-lead/base/driven research is employed design project a 
case study to help validate the feasibility of the new ergonomics direction in sustainable design that I 
proposed in Chapter 4. More specifically, with an example of designing a sustainable safe helmet for 
motorcycle riders, the practical component to this thesis demonstrates how safety in HFE/Ergonomics 
can be sustainable.  
Section 5.2 presents the details of the background, while section 5.3 discusses the 
methodology of the design project; particularly it introduces to a defined problem and presents the 
design direction. Section 5.4 explains the design solution, while section 5.5 presents the results of the 
evaluation of the design concept and gives some reflection in the form of discussion regarding the 
design project’s validity. 
 
5.2 Background 
As Olympic athletes push themselves to jump higher, ride faster and hit harder one of their 
most important pieces of equipment is the safety helmet. Whether it is a boxing head gear that absorbs 
the multiple blows or cycle or riding helmet that cushions a single impact, safety helmets are designed 
for quick performance and maximum protection by designers and engineers. The same is true for 
motorcycle helmets that are used by both professional and amateur riders. Motorcycle riding is a 
highly skilled but risky activity with many factors in common with other safety-critical situations. The 
rider and motorcycle form an interactive system operating within a demanding environment. 
Motorcycle crash covers huge proportion in the general road traffic accidents. About 43,000 
people die and 1.8million people are injured every year in the world as a direct result of road 
accidents, among whom 58% were wearing a helmet (EURSO, 2008). Two-wheeled motor vehicles 
are involved in 14% of all traffic accidents in the European Union (Angermann, Bauer, Nossek, & 
Zimmermann, 2007).  
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In the first quarter of 2011, motorcycle sales rose 7.2% in USA, according to the Motorcycle 
Council’s Retail Sales Report (MIC, 2011). Differently from any other types of transportation, riding 
two-wheeled vehicles tend to have higher risk of being involved in traffic accidents. According to 
Koornstra et al., 440 two-wheeled vehicle accidents occurred per 100 million people traveling around 
the world (Koornstra et al., 2003).  
Similarly, several research studies have investigated the functional aspects of helmets, 
arguing that integral helmets with full facial protection, play a great role to save people’s life after the 
accident and are capable of protecting against serious head injuries (Branas & Knudson, 2001; 
Deutermann, 2004). 
To date, conventional motorcycle helmets have provided safety features mainly for reducing 
the head injury of bikers at the moment when the accident happens. However, considering the 
advances in computer and information technologies (e.g. smartphones and other digital devices), and 
increasing number of motorcycle riders using them, has led to rapid change in riders’ social life style 
demand for new features to meet the contemporary need. Correspondingly, this also increased the 
injury and risk factors and as a result conventionally called “safety” helmets have become no longer 
safe enough to protect human health.  Now, should they not only reduce riders’ injury risks at the 
moment when accidents happen, but also prevent them in advance and at the same time provide riders 
rich interaction by fitting recent trends and riders’ habits. Additionally, given the fact that more than 
half of riders injured or died in crashes were actually wearing a helmet, the future helmet should also 
concern the safety issues after accidents. 
Concerning (1) the aim or the requirement of sustainability discussed in earlier part of the 
thesis (see Chapter 2 and 3), which is the products/services and systems (in general, solutions) should 
have the capability of being sustained over a great period of time, and (2) HFE/Ergonomics 
professionals are expert in safety related issues, ergonomically designing a safety (sustainable) helmet 
is considered most appropriate.  As such, the main objective of this case study is to ergonomically 
design a safety (sustainable) motorcycle helmet that is capable of sustaining safety during the whole 
riding lifecycle. 
 
5.3 Problems of motorcycle helmets 
5.3.1 Accident types 
An investigation shows that the riders in their ages of 21-25 and 31-35 have accidents the 
most and the major accidents are related mainly with the following three distinguishable cases 
(Clarke, Ward, Bartle, & Truman, 2004): 
• Loss of controls of speed while tilting 
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• Traffic rule violation accidents 
• Overtaking accidents (driving around another slower automobile on a road) 
Correspondingly, recent European research shows that the drivers of other types of transportation 
involved in motorcycle crashes failed to see the motorcyclists in most cases (Bikelawyer, 2011). The 
causes of motorcycle accidents are: 
• Over speed (hard to control) 
• Attention loss (while using handheld devices ) 
• Tough climate/seasons (rainy and snowy) 
From the findings above it can be argued that the majority of the motorcycle accidents are 
associated with lack of visibility issues in both other types of vehicle drivers and bikers. Hence, the 
new helmet should have high visibility for reducing possibility of traffic accidents even in any 
inconvenient road conditions.  
 
5.3.2 Motorcyclists’ unmet needs 
Due to rapid technology development and decreasing cost of smartphones, nowadays it is 
hard to find the one who does not own a smartphone. According to the investigation in mobile device 
markets, global smartphone sales will make up 2.5billion units over the 2010-2015 periods, as well as 
connecting internet via smartphones will increase 50 fold by the end of the same period respectively. 
Motorcycle riders are not excluded from the numbers above. Initially, I had an assumption 
that information technology (smartphones) could create a new riding experience among motorcyclists 
by offering features about connecting to media, shopping, social community, etc. In order (1) to 
validate whether information technology, in particular communication devices (e.g. smartphones), had 
an impact on motorcycle riders’ riding experience, and (2) to evaluate helmet user’s reactions to 
helmet in terms of safety, design and functionality, I conducted two different surveys in Daejeon 
metropolitan city (South Korea) during November 2010.  
The  first  survey  was  conducted  from the stakeholders such as police officers, retailers and 
motorcycle riders at various  roadside  locations by  distributing  a questionnaire  to  obtain  
information  on  riders'  views about  helmets  in  relation  to  safety,  comfort  and convenience.  
Additionally, the second survey was conducted  to  provide  quantitative  data regarding  the  types of 
vehicles on the  road,  the  types of helmet  in use,  the  types of different helmet  accessories, the  
colours  of  vehicles  and  helmets,  use  of  the  helmet and  strap,  and  the  age and  sex  of  the  
riders. Total of 43 people participated in the survey: amateur riders (n=17), professional riders (n=9), 
police officers (n=11), and retailers (n=6). 
The result of surveys showed that the majority of riders organized various motorcyclists’ 
community activities (meetings on the road, racing, etc.) and communication devices were very useful 
to organize such activities. Riders often had to use mobile devices on the road when there was an 
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
74 
 
urgent call from the community members. In addition, I also found that most of the police officers 
complained about motorcyclists’ riding pattern. They argued that listening to music, talking on phone 
while riding could increase accident risk. 
 
5.3.3 Defining sustainable safety factors of Helmet 
Like any other types of helmet, the purpose of a motorcycle helmet is to prevent or reduce the 
severity of head injuries in the event of impact. To date, the conventional motorcycle helmets were 
meant to ensure the safety of motorcyclist only when an accident happens. However, as can be seen 
from the above discussion thus far, due to the rapid growth in use of information technology while 
riding on the road has led to increasing risk factors and decrease riders’ safety. If this is seen with 
sustainability perspective, then it can be argued that the conventional helmets, in terms of safety, are 
no longer sustainable.  
In order to helmet to be sustainably safe, it should be capable of conserving and preserving 
the following three types of safety conditions: (1) pre-accident safety, (2) safety during accident, and 
(3) post-accident safety. The pre-accident safety condition concerns issues such as how to prevent 
motorcyclists from using handheld devices (e.g. smartphones, mp3 players, etc.) while riding on the 
road and also how to prevent them from riding fast. The safety condition during the accident refers to 
an injury risks, in particular a head injury, occurred right at the moment when accident happens. 
Finally, the third condition, which is the post-accident safety concerns safety condition occurred after 
accident happens. As I discussed earlier, about 2 million motorcyclists get injured every year in the 
world as a direct result of road accidents, among whom 58% were wearing a helmet. These three 
safety conditions can be thought to be as one full lifecycle of safety issues related to riding activity. 
Therefore, sustainable safe helmet should be able to preserve these conditions throughout the riding 
activity. Unfortunately, the conventional helmets are only capable of solving risk issues related to the 
second safety condition, which is safety during accident.  
 
5.4 Design Solution 
5.4.1 Concept description 
The proposed concept design of a new safety helmet is meant to provide solutions to the 
aforementioned three types of safety conditions.  The sustainable (safety) helmet concept is mainly 
consisted of two parts: (1) specially designed smartphone application programmed in Android 
operating system and (2) the safety helmet (physical model) which is broken up into three divisions 
(see Figure 23).  
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Figure 23: The concept is consisted of two parts: android application and helmet design 
The key features of the safety helmet concept can be explained with the following scenario. 
When the motorcyclist put his helmet on, a snap-action switch (inside the helmet) will automatically 
turn the built-in Bluetooth system on. The built-in Bluetooth system is connected to both the vibration 
sensor (located inside the helmet) and the smartphone application. When the system is on the 
smartphone application will automatically detect and connect to the system. Once the connection is 
successful (takes about 1-2 seconds) the following functions will be activated at the same time: (1) the 
text-to-speech (TTS) system of the application notifies the rider about the successful connection, (2) it 
also reminds the rider to wear the helmet during the whole riding time and to adjust the speed 
accordingly (safety instruction), (3) GPS system on the smartphone turns on (navigation function) and 
starts detecting the current location and speed (4) the application starts receiving vibration data from 
the sensor via Bluetooth if the speed exceeds 30km/h, (5) call dialling/receiving and listening to music 
functions of the smartphone will be automatically turned off, once the speed of the motorcycle 
exceeds (30km/h).  
The ideas of disabling the phone call/receive and media function was meant to prevent 
motorcyclist from distraction. Additionally, just like in cars, the navigation function which uses the 
smartphone’s built-in GPS sensor to detect the current location and speed was meant to remind the 
rider to drive safely and to obey the default speed limit of the location. 
In case of an accident, the vibration sensor is in place to detect the impact and send the 
voltage output to the circuit board where it is transmitted from the helmet to the smartphone 
application via Bluetooth in digits (0 to 1024). To determine whether the accident is true or false, the 
application compares the data to the default limit (for the lab purposes it has been set 850). If the input 
data exceeds the pre-set default limit the application notification message along with the alarm music 
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(at this time the application automatically sets the volume to maximum) is triggered for 18 seconds. If 
no one cancels the notification, the situation is confirmed being true. Then the application starts first 
sending messages to the contact numbers, emergency units and police office and then calling the same 
contacts. It is important to mention that, motorcyclists must manually input their full names, ID 
number and multiple contact numbers of their closed ones once in the beginning. The police office 
and emergency unit contact numbers are set as a default by the program. The above information 
together with location, speed and time details will be sent as text message first and then text-to-speech 
system will start calling and speaking the same information to the people who receive the call. Below 
is the example of the information text to be delivered: 
“Hi, this is an emergency call. The following person, full name Andrew Park, ID 
number 850404-5200190 just had an accident. The accident location is Ulsan, ulju-gun, 
onyangeup 590. The accident time is 16:22. The accident happened at a speed of 
124km/h. The patient needs your help.” 
More detailed description of the concept is explained as follows. Sub-section 5.4.2 first briefly 
explains the key features including detailed parts and functions of the safety helmet. Then, sub-section 
5.4.3 describes the key elements of a smartphone application specifically designed for helmet. Finally, 
sub-section 5.4.4 describes how safety helmet design concept can solve the previously identified three 
types of safety conditions. 
 
5.4.2 Safety helmet design- the physical prototype 
The prototype of a safety helmet is broken up into three divisions: (1) a vibration sensor (sub-
section 5.4.2.1) along with the circuit board (sub-section 5.4.2.2) located in the inner part of the 
helmet as well as (2) the place for a battery with a led indicator (sub-section 5.4.2.3), and (3) a snap-
action switch (sub-section 5.4.2.4). 
 
 
5.4.2.1 Vibration sensor 
One of the most important key features of the safety helmet concept is the vibration sensor 
(Piezo Vibration Sensor SEN-09199 R). The sensor is placed inside the helmet between the rigid 
outer shell and impact absorbing liner (see Figure 24). The major task of the vibration sensor is to 
trigger impact (stress) level when motorcyclist hits his/her head on the ground during the accident.  
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Figure 24: Vibration sensor location in the helmet. 
  
The sensor basically detects the impact, the output alternates from zero to five volts. 
However, there is a problem associated with directly using the sensor. The vibration sensor is 
extremely sensitive, that it even senses very tiny impact. In order to function properly the vibration 
sensor had to be biased with a 1m resistor. 
 
5.4.2.2 Circuit board- transmitter/receiver 
 A wireless link between the vibration sensor and the smartphone application is necessary. To 
implement this link, the Arduino Bluetooth (BT) Shield V2.1 as a transmitter and receiver was used 
(see Figure 25). This BT Shield is a serial port Bluetooth module (Slave) breakout board, and it 
compatible with Arduino, so can be directly plugged in with Arduino and use the UART port for 
Bluetooth communication. 
Once the sensor sends the data to the circuit, it will be converted to a digital number (0 to 1024) by a 
specifically designed program. I named the program as Sensorgraphic and programed it in Arduino 
software. The open-source Arduino environment makes it easy to write code and upload it to the i/o 
board (Arduino UNO). After the voltage from the vibration sensor (0 to 5v) is converted to digital 
output (0 to 1024), the data will be sent to a smartphone application via Bluetooth. This is briefly 
explained in section 5.4.3. 
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Figure 25: Bluetooth Shield V2.1 and Arduino UNO Board 
     
5.4.2.3 Battery placement  
In order to the whole system run the battery is needed. The battery is located on the bottom of 
the helmet at the back (see Figure 26). Additionally, the low battery indicator circuit is used to inform 
the cyclist of the battery supply condition.  The circuit requires minimum power to operate, therefore 
this circuit, itself, will not drain the battery. Several approaches were examined prior to building the 
low battery indicator circuit.  A simplified indicator model was selected due to its cost efficiency and 
its potential time efficiency.  The chosen model, with less components, would not only take less time 
to build, but also potentially requires less time to troubleshoot. 
 
 
 
Figure 26: Battery placement and led indicator 
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5.4.2.4 Snap-action switch 
Thus far I explained the whole system located inside the helmet. However, one may ask the 
following questions: How to turn on the system? And what if the user forgets to turn on the system? 
The answer to both questions is yes there is a certain way to turn on the system and it can be done 
automatically by snap-action switch. A snap-action switch located right in the centre of the top part of 
the helmet allows automatic system turn on when the motorcyclist puts the helmet on, and automatic 
turn-off once the helmet is removed.  
 
5.4.3 Smartphone application 
For evaluation, demonstration and validation purposes, a mobile Android application, namely 
SmartMet, was built. The Android OS is an open-source mobile operating system supported by 
Google and based on the Linux kernel. The Android System Development Kit (SDK) is built in Java 
language and provides the necessary libraries and tools to write native Android applications and 
deploy it to the device. The mobile Android application consists of mainly four parts called as 
activities. And all of the four activities are connected to each other and supposed to run together all 
the time.  
 
5.4.3.1 General UI Activity 
First, as shown in Figure 27, is the general UI design which includes functions such as 
authentication, personal information (full name and ID) together with motorcycle model, and extra 
contact number input (these numbers will be used to send messages and to call). 
 
5.4.3.2 Sensorgraphics activity 
The second part is the activity number four, which is called as Sensorgraphics. 
Sensorgraphics was taken from Amarino project, which was programmed by Bonifaz Kaufmann, who 
later wrote his master thesis at the MIT Media Lab in Cambridge, USA (Kaufmann & Buechley, 
2010). Amarino is an open source application. Since it does not provide any programming code for 
vibration sensor, the application was reprogrammed and modified to fit the helmet’s vibration sensor. 
As I mentioned earlier (sub-section 5.4.2.2) when the voltage from the vibration sensor (0 to 5v) is 
converted to digital output (0 to 1024), it will be sent to a sensorgraphics activity of the Android 
application via Bluetooth (see Figure 28).  
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Figure 27: Authentication and personal information page UI 
 
 
 
Figure 28: Sensorgraphics screenshot indicating 900/1024. 
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Then the sensorgraphics activity compares the received number with the threshold (for the lab 
purposes it has been set 850) and if it is higher than threshold the program will send a pop-up message 
with the maximum alarm sound (duration time is 18seconds) as shown in Figure 29. 
 
 
Figure 29: Pop-up warning message that lasts for 18seconds. 
 
5.4.3.3 GPS tracking activity 
The third activity is the GPS tracking activity. This part is meant to run in the background and 
there is no need for special UI, since the Android application will trigger the smartphone’s GPS 
sensor automatically as soon as the system is turned on. The main task of GPS activity is to get the 
latest location and speed information. Additionally, this activity sends data to a text-to-speech system 
for later analyses. 
 
5.4.3.4 Text-to-speech activity 
The last part is a text-to-speech (TTS) system (built-in system in all smartphones). The key 
features of this activity are twofold: navigation function and calling function. The navigation function 
gets the latest information about location and speed to inform motorcyclist. The calling function is 
activated only when accident occurs. Because it’s main duty is to call default (emergency and police 
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office) and manually input numbers. It receives data from personal information page, GPS system, 
and smartphone time system and uses these data when calling.  
 
5.4.4 The ergonomics design process for sustainable helmet design 
The main objective of this section is to present human factors contribution to the sustainable 
helmet design project by describing the ergonomics design process relevant to this thesis case study.  
Saenz (2007) argued that in designing products and systems, ergonomics really does matter. 
Its relevance shows up mostly in each of the phrases of the design process (as cited in Zapata, 2010). 
In his methodological proposal Saenz (2007) divided a situation (design process) into three major 
components of the ergonomics system: the user, the product and the context, and identified thematic 
subjects and actions (problem identification, evaluation, idea generation, prototyping, validation, 
production and commercialization) that must be taken into account throughout the design process. If I 
describe the sustainable helmet design project within Saenz’s proposed ergonomics design process 
framework, then the ergonomics intervention can be explained as follows: 
- Regarding the problem (accident causes) identification stage, the ergonomics professionals 
can utilize several methodological proposals such as observation of motorcyclists’ or drivers’ 
riding/driving behaviour, studying riders physical and cognitive dimensions such as rider 
cognition, workload, situation awareness, etc. 
- In evaluation stage, ergonomists can apply specific methods to recognize functional and 
communicative aspects a product (helmet or motorcycle) and their relationships with riders. 
- The next stage is the integration (idea generation) stage. Based on the results of the above two 
stages ergonomists can generate alternative ideas/solutions. It is important to mention that, in 
sustainability context this is the most important stage in a sense that HFE/Ergonomics 
professionals should apply sustainable design principles (3Rs or conserve, preserve, restore) 
and approaches (e.g. lifecycle) to generate ideas/solutions that are capable of being sustained 
for a long time a sufficiently long time. 
- The next stage sees the elaboration (or materialization) of the sustainable ideas generated 
above by creating models and prototypes. It is the step of materializing and executing the 
sustainable ideas that were conceived in the earlier stages of analysis. 
- It is then necessary to validate the model and prototypes. In the case of the sustainable helmet 
project ergonomists can run various experiments to find out the best location for vibration 
sensor in the helmet. Moreover, they can also perform impact tests to determine minimum 
impact level that will be used in the application part as a pre-set limit. As I mentioned earlier, 
if generated impact will exceed the pre-set limit (for the lab purpose it was randomly set as 
850) then the smartphone application will identify it as an accident situation. Ergonomics 
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professionals can utilize ergonomic guidelines for user interface design of the Android 
application that is easy to learn, easy to use and aesthetically pleasing. 
 
5.4.5 Summary  
So far, I have defined several problems regarding the safety issues of motorcycle helmet and 
riding experience, and also proposed a design solution to solve these problems. The brief summary of 
the earlier sections of this chapter is illustrated in Table 11.The next step is to evaluate the proposed 
concept idea. The next section (5.5) will introduce to the methodology of evaluating the concept 
design solution. 
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Table 11: Summary of the contents of sections 5.1-5.4. 
Safety 
Conditions 
Problem Description Solution 
Conventional 
Helmet 
Sustainable 
Helmet 
HFE/Ergonomics contribution 
Pre-accident 
Using handheld devices while 
riding  the rider to be 
disoriented and decreases the 
riding safety 
Helmet automatically blocks 
call/receive and listening to 
music functions when riding 
  
- Observe motorcyclists’ riding 
behaviour; 
 
- Study motorcyclists’ physical 
and cognitive dimensions 
(workload, situation awareness, 
etc.); 
 
- Recognize functional and 
communicative aspects helmet or 
motorcycle, and their 
relationships with riders; 
 
- Generate alternative ideas with 
sustainability perspective; 
 
- Create models and prototypes; 
 
-  Conduct usability tests, 
perform impact test, run 
experiment with motorcyclists; 
 
-Utilize ergonomic guidelines for 
UI design of a smartphone 
application; 
During the 
accident 
When accident happens, riders 
tend to hit their hand on the 
ground. Risk of head injury is 
quite high 
The physical structure of the 
helmet should be well designed 
to keep riders’ head from 
strong impact. 
  
Post-accident 
Statistical facts show that 
majority people still get injured 
(mainly lose consciousness) in 
both (with or without helmet) 
situations. Thus there is a big 
need for a quick external help. 
A new helmet is equipped with 
a built-in vibration sensor and 
connected to specially 
designed smartphone (android) 
application via Bluetooth. 
Vibration determines the 
accident and sends this 
information to the application, 
which then calls and sends 
messages to emergency and 
police officers as well as to the 
close people of the rider. 
  
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5.5 Evaluation of sustainable helmet design 
Simple questionnaire survey as well as the demonstration of working sustainable helmet 
prototype was prepared to get stakeholders feedback on the identified problems and proposed 
solutions.  
 
5.5.1 Method 
5.5.1.1 Survey 
To find out whether the identified three safety conditions were critical or not, and to avoid 
subjectivity bias in evaluation of the newly proposed sustainable helmet design concept, I undertook a 
simple questionnaire survey. Survey was conducted in Ulsan metropolitan city, South Korea in 2013. 
Since the participants were local Koreans, the survey questions were written in Korean and when 
needed my assistant provided verbal explanation in Korean.  
 
5.5.1.2 Participants  
As a sample group for the survey, I chose three main stakeholders who are related to the 
sustainable helmet design concept: police officers, in particular motorcycle riding police officers, 
emergency communication officers (in Korea namely 119), and finally the actual motorcycle riders. 
These sample groups were the main stakeholders related to the issues associated with motorcycle 
helmets, accident and safety of riders. Total of 31 subjects participated in the questionnaire: police 
officers (n=10), emergency communication officers (n=14), and motorcycle riders (n=7). The survey 
study was completed in three different areas and via email. Regarding the police officers, two police 
stations (Transport Safety Department of Ulju district Police station and Ulsan Metropolitan Police 
Agency) in Ulsan Metropolitan city were visited. As for the emergency communication officers, the 
study was conducted in the Emergency Centre of Ulsan Metropolitan City Hall. And finally, survey 
from motorcycle riders was conducted via email. Except for motorcyclists, I personally visited each 
stakeholder’s working place to conduct the survey. In case of motorcyclists, I conducted an online 
survey. The digital version of the questionnaire was sent to the motorcyclists via email for further 
distribution.  
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5.5.1.3 Survey structure 
As shown in Appendix L, the questionnaire comprised of five sections. The first two pages of 
the questionnaire started with an introduction to the survey conductors and the project and its main 
objective (see Appendix L (a-c)). Additionally, the demographic data including name and occupation 
was also obtained in this section. The second section of the questionnaire included a brief introduction 
to the earlier identified three safety conditions (pre-accident safety, safety during accident, and post-
accident safety) along with the proposed solutions. The third section of the questionnaire focused on 
evaluation of previously introduced safety conditions, which included questions about usage of 
handheld device while riding, the importance of wearing helmet and the importance of a quick first 
aid response. The fourth section asked subjects to evaluate the contribution of contemporary 
motorcycle helmets in terms of three safety conditions. The fifth section included the same questions 
from the previous section, but this time newly proposed sustainable helmet replaced the contemporary 
helmet. For each section a written description was provided and in case subjects asked questions, I 
and my assistant answered in Korean. Survey included one blank page for additional comments in 
case the participants had some suggestions or new ideas for further improvement. 
After familiarizing themselves with each section and survey procedure, I demonstrated the 
working prototype of the sustainable helmet to the respondents (see sub-section 5.5.2). Then, the 
participants were asked to answer a series of questions. The survey was quantitative in nature as 
survey participants were asked to provide an answer that corresponds to a number such as choosing 1 
through 5 on a satisfaction score. The survey included total of nine questions with Likert-scale (from 
1 to 5) formatted responses to choose from. In the third section of the questionnaire the participants 
were asked three questions below (see Appendix L (d)): 
1. How much influence do phone calling/receiving and listening to music while riding have 
on accident?   
2. How important are motorcycle helmets when accident occurred? 
3. How much influence does failure of quick first aid response after accident have on 
motorcyclists’ mortality? 
The above three questions above were asked in order to validate if the three safety conditions I 
identified were really important or not. 
In the fourth section, the participants were asked the following three questions on the impact 
of the conventional motorcycle helmets on the three safety conditions (see Appendix L (c)): 
4. Do you think that conventional helmets prevent motorcyclists from the accident happened 
due to phone call/receive and listening to music? If yes then how much? 
5. Do you think that conventional helmets prevent motorcyclists from head injury during the 
accident? If yes then how much? 
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6. Do you think that conventional helmets provide any quick solution when motorcyclists 
health in critical situation? 
These series of questions were especially asked to validate my earlier argument stating that 
contemporary helmets useful only when motorcyclists hit their head in an accident (during-accident 
safety condition) and have nothing to do with preventing the accident (pre-accident safety condition) 
or calling for first aid after the accident (post-accident accident condition). 
 The same series of questions were used in the fifth section, but this time newly designed 
sustainable helmet replaced the conventional helmet. By doing so, I wanted to compare the two types 
of helmets and validate the newly proposed sustainable helmet design concept. 
 
5.5.2 Demonstration prototype 
In order to assure stakeholders that the proposed ideas are not too conceptual and hard to 
realize, I prepared a working prototype of a sustainable helmet. I assumed that the working prototype 
would make it easy for participants to evaluate the proposed sustainable helmet design with regard to 
the three safety conditions and compare it with the conventional helmet. The working prototype was 
consisted of two parts: hardware (physical prototype) and software. The physical prototype, which is a 
motorcycle helmet, was equipped with a vibration sensor connected the Bluetooth shield with the 
circuit board. In case of software part, I prepared a demo version of the smartphone android 
application. Due to the time limitation, I was only able to realize the solution to the third safety 
condition that is detecting hit impact and determining the accident situation, sending messages and 
calling to people. Regarding the impact threshold value to detect the real accident situation was 
randomly set to 850. I intentionally set higher value for demo purpose in order to show the properly 
working functions of application such as getting GPS, time and personal data information, sending 
text messages that included the above information to pre-set phone numbers and calling police and 
emergency offices, and pre-set phone numbers to deliver the same information with voice.  
During the demonstration, participants were asked to input any random personal information 
together with their own contact numbers. As I explained earlier, the android application allows 
inputting multiple phone numbers. To demonstrate whether this function works I asked participants to 
input one more additional number (another participant’s number). The reason to input personal mobile 
phone numbers of participant was that they could get message and experience phone call from the 
helmet application while being present. Thanks to the functional prototype I was able to gather 
interesting and insights from the participants that can be used to improve the quality of the sustainable 
helmet. 
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5.6 Results 
Of 31 participants, 31 (100%) completed the survey. Table 12 shows the comparison of the 
average evaluation of three safety conditions in terms importance (0 is not important at all and 5 is 
extremely important) between the three sample groups. Survey results showed that all of the three 
types of safety conditions I identified were generally found to be important by all types of sample 
groups. This validates that pre-accident and post-accident safety conditions do exist and they are 
crucial factors that need to be solved. One interesting factor found in the survey was that among the 
three safety conditions, all participants gave the highest score to the post-accident safety condition 
(average=5) meaning that the health condition of the motorcyclist after accident is the most crucial 
issues  thus any solution that can solve this issues would be extremely valuable (see Table 12).  
 
Table 12: The evaluation of three safety conditions in terms of importance. 0 refers to not important 
and 5 refers to extremely important. Safety 1 refers to pre-accident safety condition, safety 2 refers to 
during the accident safety condition, and safety 3 refers to post-accident safety. 
 
 
As for the evaluation of the contemporary helmets in terms of capability of solving the all 
three safety conditions, except for the police officers the rest sample groups (emergency officers and 
motorcyclists) answered “No” to the first and third safety conditions meaning that the conventional 
helmets are useless in pre- and post –accident situations (see Table 13). Interestingly police officers 
thought that the conventional helmets sill do provide somewhat little solution when it comes to the 
0
1
2
3
4
5
6
Police officers Emergency
(119)
Motorcyclists
L
ik
e
rt
  
S
c
a
le
 
Evaluation of three safety conditions  
Pre-accident safety
During the accident safety
Post-accident safety
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
89 
 
post-accident safety condition. The main reason for this could be that police officers answered to this 
question based on the capability of their police helmets. The police helmets designed especially for 
motorcycle riding police officers in Korea are equipped with Bluetooth microphone with radio station 
to get updated new from the police centre during the road safety inspection. In case policeman has as 
accident the police officer wearing the helmet can use the Bluetooth feature along with the built-in 
helmet microphone to contact with the central office employees who then can call for quick 
emergency help. However even in this case when the rider loses consciousness then the above 
function will be still useless, because the Bluetooth radio speaking function only works manually. 
 
Table 13: The evaluation of conventional helmets in terms of capability of solving the three safety 
conditions. 0 refers to doesn’t prevent at all (for safety 1 & 2) and doesn’t provide at all (for safety 3) 
important and 5 refers to prevents very well (for safety 1 & 2) and definitely provides (for safety 3). 
Safety 1 refers to pre-accident safety condition, safety 2 refers to during the accident safety condition, 
and safety 3 refers to post-accident safety. 
 
 
Overall the survey results showed that the newly proposed sustainable helmet design concept 
was thought to be highly capable of solving the all three safety conditions, whereas the conventional 
helmets. As shown in Table 14, there was no difference between conventional and sustainable helmet 
in terms of during the accident safety condition, as both of the helmets provide the same function that 
is physically protecting riders head from injury. 
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Table 14: The comparison of conventional helmets with sustainable helmet in terms all three safety 
conditions 
 
 
From the discussion above it can be concluded that the survey results validated two of my 
arguments that I made in the earlier part of my thesis: (1) the conventional helmets are not sustainable 
anymore, because the safety during the motorcycle riding activity is not sustained well enough. (2) 
The application of new ergonomic approach to sustainability issues found to be valid, because the 
majority of the survey participants positively evaluated the capability of the sustainable helmet to 
solve all three the safety conditions meaning that there is a high possibility of sustaining 
motorcyclists’ health and safety for a longer period of time. 
 
5.7 Summary 
Thus far, in the earlier sections of this chapter, I have introduced to the design project that 
was used to demonstrate how HFE/Ergonomics professionals can contribute to sustainable design by 
applying earlier proposed ergonomic sustainable lens. Problems associated with safety aspects of 
helmet and motorcycle riding activity were identified through interview based surveys from 
corresponding stakeholders. Ideas were generated; the concept idea was proposed and explained in 
breadth. To avoid subjectivity bias in evaluation of the concept design, a simple questionnaire survey 
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was undertaken. For better understanding how helmet works, the working prototype of both physical 
and software part of the concept design was made and demonstrated to the survey participants. The 
survey results showed that the identified three safety conditions were important and the solutions 
presented were highly valued by the stakeholders. Survey results also showed that the contemporary 
helmets are not capable of solving all of the three conditions. 
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CHAPTER 6  
CONCLUSIONS 
This chapter begins by summarizing how the findings of this research answer the research 
questions posed in Chapter 1. The findings of this research should be carefully understood considering 
the limited number of the case studies and the participants recruited for the sustainable helmet design 
evaluation: one case study (design project) and 31 stakeholders such as motorcycle riders, police 
officers, emergency communication officers, helmet/motorcycle salesmen. 
 
6.1 Summary of main findings 
At the outset of this thesis, the following four research questions were asked. The following 
four sections (section 6.1.1~6.1.4) discuss findings for each question. 
- What is sustainable development? 
- What is sustainable design  
- What are the lenses of other disciplines on sustainable design 
- What is the HFE/Ergonomics lens to sustainable design? 
 
6.1.1 Sustainable development 
Since the World Commission on Environment and Development (WCED) has first defined 
SD
1
, there have been many different definitions of sustainable development coming from hundreds of 
researchers and practitioners with different assumptions about the basic relationship between society 
and nature. Moreover, there have been a number of important international conferences (e.g. UN 
Conference on Human Environment (1972), UN Conference on Environment and Development 
(1992), UN World Summit on Sustainable Development (2002) and so on) within which actions 
towards sustainable development have been debated (and contested) at the highest levels of 
government; and yet a clear and fixed meaning remains hard to grasp. 
Despite these critiques, the concept of sustainable development is not new but has a long 
history in the literatures of both development and environmentalism. Similarly, the modern 
controversy of concerns about securing both development and conservation has also been found to 
have far-reaching origins. One of the biggest changes in the 1980s was the two concepts 
(development and environmentalism) converged together. By the end of the 1990s, the development 
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of sustainability gradually changed in the context of being based on only an ecological perspective to 
embracing all three concepts of economy, environment and society. 
As a concept, its accessibility to interpretation allowed participants from various disciplines, 
governance and business sectors to explore and define its meanings with their own perspectives. This 
also resulted in creation of sets of principles of SD
1
 (regardless of principles being holistic and not 
immutable) in diverse fields. 
Despite the fact that sustainable development has not been precisely defined, among all 
definitions and concepts of SD1, The Brundtland Commission’s interpretation of the term sustainable 
development has been accepted as a role-model definition by many researchers and practitioners:   
 
“… development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs” (Brundtland Commission 1987). 
 
6.1.2 Sustainable design 
In a wide perspective, sustainable design is an activity of producing things, the practice which 
has a long-lasting effect on the eco system and human well-being. Sustainable design as a 
multidisciplinary research and practice field that embraces the principles of economics, society and 
ecology and creates tangible things and eco-systems that mainly concerns environmental and human 
well-being, whereby being at the heart of sustainable development system . 
Sustainable design (SD
2
), being one of the biggest areas of sustainable development (SD
1
), is 
a huge topic that people hardly have begun to deal with. Due to its diversity our understanding of SD
2
 
will differ depending on our perspective, because each time we change the angle we view the concept 
of sustainable design from, we can explore different picture of SD
2
.  Sustainable design, through 
1990s perspective, can be defined as a concept that creates the linkage between design and natural 
environment. On the other hand, SD
2
 is defined as the philosophical basis of a growing movement of 
individuals and organizations that literally seeks to redefine how products are designed, built and 
operated to be more responsible to the environment and people. In a wide perspective, sustainable 
design is an activity of producing things, the practice which has a long-lasting effect on the eco 
system and human well-being. 
Unlike the principles of sustainable development, SD
2
 principles are more concrete and less 
abstract thus make it more practice oriented and easy to implement. In spite of the fact that the 
application of practical principles of sustainable design varies among disciplines, they can be 
generally categorised into three hierarchical approaches: namely conserving, preserving and restoring, 
also known as the 3Rs of sustainable design that are reduce, reuse and recycle (Hill & Bowen, 1997). 
The 3Rs concept was further improved and changed into 4Rs (see Figure 9),reducing, reusing, 
recycling and recovering/restoring (Shedroff, 2009).  
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The central thesis of the principles, in particular lifecycle approach and 3Rs, of sustainable 
design encourages researchers and practitioners to focus on generating novel and innovative ideas that 
can be sustained (serve their duty) for a longer amount of period.  
 
6.1.3 Sustainable design in various disciplines 
Sustainable lenses of different disciplines, in particular engineering design and 
industrial/product design, to sustainable design were reviewed and explained. The literature review 
showed that both of the disciplines had their own perspective and way to approach sustainable design 
issues. For example, engineering design contributed to sustainable design by providing innovative 
solutions to create energy efficient and eco-friendly products and materials.  Industrial/product design 
contributed to sustainable design by generating smart and innovative ideas and solutions to smart 
products and services that can change users’ behaviour towards sustainability and possess less impact 
to the environment.  
Unlike HFE/Ergonomics, each of the investigated disciplines generated various practical 
sustainable principles, methods and tools to intervene the field of sustainable design. It was also 
found that the origin of those generated sustainable principles, methods and tools were purely based 
on the specialties of each field. 
 
6.1.4 HFE/Ergonomics lens to sustainable design 
The preliminary research showed that, recently, there was a significant movement in the 
HFE/Ergonomics discipline towards research and practice in sustainability domain. Several papers 
defining the ergonomics direction or possible areas of sustainability where ergonomics can contribute 
were published. The investigation of such papers revealed that the majority of proposed new 
ergonomic directions did overlap with other disciplines’ directions, meaning that current ergonomics 
perspective on sustainability is not consistent with the core competencies of HFE/Ergonomics 
discipline. Thus it was concluded that ergonomics need to develop its own lens to view sustainability 
issues. 
To define ergonomic lens to sustainable design the literatures defining the concept of 
HFE/Ergonomics and discussing the major goal or objective of the ergonomics discipline in research 
and practice were first reviewed. HFE/Ergonomics is defined as a scientific discipline 
(multidisciplinary), whose goal is to assess safety, comfort and efficiency to design better systems and 
artefacts (including machines, equipment, products and technology) to provide good work and 
working environment for people (users) through collaboration with, and application of, the 
engineering and design knowledge. The literature review also showed that the main objective of 
HFE/Ergonomics was to maximise efficiency, effectiveness, quality, comfort, safety and health by 
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ensuring that systems are designed in such a way that the interactions are consistent with human 
capabilities, limitations, motivations, behaviours and preferences. The author argued that the 
ergonomics lens to sustainable design should be made based on these attributes of the discipline. In 
other words, ergonomics lens should be about maximizing sustainable efficiency, effectiveness, 
quality, comfort, safety and health. 
 
6.2 Research limitation 
Research conclusions inevitably can be constrained by certain fundamental limitations. Those 
can include the time frame in which the study was done, the availability of resources, the countries in 
which the research was conducted and the particular bias of the author, all must be considered.  
Moreover, due to the scope of this research there are several limitations that should be 
considered for future research. First of all, there are many areas in sustainable design for ergonomic 
intervention. A limitation for this study is that only sustainable design with product and system design 
perspective was taken as the area to focus on. This thesis did not take into account other areas of 
sustainable development, e.g. the architecture, agriculture, etc. The inclusion of other areas might 
have given different perspective about ergonomic lens to sustainability. 
Secondly, the entire part of the first phase (Chapter 1-4) of this section included arguments 
based on merely literature reviews. And the academic papers were retrieved without following any 
thorough methodology. The research was gathered from a wide range of sources; online articles, 
websites, interviews, forums, conferences, talks and social media as well as magazines, journals and 
books. 
Thirdly, due to time limitation the prototype evaluation results were only based upon limited 
number of people (n=31). Additionally, as for the working prototype some of the detailed features 
were not experimented. For example, the precise pre-set level of impact to determine the accident 
situation could be set based on helmet impact testing results. Moreover, only one vibration sensor was 
used and again, randomly located to the top centre of the helmet. 
 
6.3 Further work 
This thesis is interdisciplinary in nature. It combines the knowledge of various areas starting 
from sustainability to engineering, product design and ergonomics. This study mainly focused on 
defining a new ergonomic direction/approach to deal with sustainable design issues. Although this 
study tried to evaluate the proposed idea through a design project, more practice led case study 
especially designed by applying ergonomics tools and methods such as fault tree analyses (through 
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this method  key injury/accident causes can be identified),  impact and shock absorption test methods 
mentioned in (Patel & Mohan, 1993) to define more reliable data to determine the accident situation, 
and running more statistical tests (e.g. T-test, ANOVA, etc.). Additionally, more practice based 
research approach and methods (focus group interview, diaries, detailed experience interview, 
contextual inquiry and etc.) must be taken into account. 
In this research case study for only safety attribute was given as an example. However, 
HFE/Ergonomics has several areas (e.g. efficiency, comfort, etc.) that need attention to enable the 
success of the assignment. In future research, case studies for other areas of ergonomics need to be 
carried out. This could possibly lead to strengthen the validation of the proposed ergonomic lens to 
sustainable design or could give and could give new perspectives on the topic.  
And finally, this research really looked at the issues from ergonomics and industrial design 
experts’ perspectives. It would have been more balanced to include other discipline’s point of view. 
By doing so, more diverse view can be drawn and the recommendations would have been more 
practice oriented.  
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APPENDICES 
APPENDIX A 
 
Environment and development milestone during 1972 and 2002. 
 
1972 
• United Nations Conference on the Human Environment, Stockholm. 
• UNESCO Convention on the Protection of World Cultural and Natural Heritage. 
• First report of the Club of Rome. 
  
1973 
• Convention on International Trade in Endangered Species and Flora and 
Fauna (CITES). 
 
1976 
• Convention on the Protection of the Mediterranean Sea Against Pollution. 
 
1978 
• The Governing Council of UNEP adopts principles of conduct in the field of the environment for the 
guidance of states for the conservation and harmonious utilization of natural resources shared by two or more 
states. 
 
1979 
• Convention on the Conservation of Migratory Species of Wild Animals. 
• The Geneva Convention on Long-Range Transboundary Air Pollution. 
• First World Climate Conference, Geneva. 
 
1980 
• UNEP in collaboration with IUCN and WWF launches the World Conservation Strategy, considered the first 
comprehensive policy statement on the link between conservation and sustainable development. 
 
1981 
• Convention on Cooperation for the Protection and Development of the Marine and Coastal Environment of 
the West and Central African Region. 
• Convention on the Protection of the Marine Environment and Coastal Area of the South-East Pacific. 
 
1982 
• Stockholm C 10 Conference organised by UNEP in Nairobi. 
• Regional Convention on the Conservation of the Red Sea and Gulf of Aden Environment. 
 
1983 
• Convention on the Protection and Development of the Marine Environment of the Wider Caribbean Region. 
 
1985 
• Vienna Convention on the Protection of the Ozone Layer. 
• Convention on the Protection. Management and Development of the Marine and Coastal Environment of the 
Oast African Region. 
• Convention on the Protection of Natural Resources and Environment of the South Pacific Region. 
 
 
 (Continued) 
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Continued 
 
1987 
• Montreal Protocol on Substances that deplete the Ozone Layer. 
• The Report, Our Common Future, published by the World Commission on Environment and Development. 
 
1988 
• The World Meteorological Organisation (WMO) and UNEP establish the Intergovernmental Panel on Climate 
Change (IPCC). 
 
1989 
• Basel Convention on the Control of Transhoundary Movements of Hazardous Wastes and their Disposal. 
 
1991 
• Establishment of the Global Environment Facility (GEF) with UNEP, UNDP and the World Bank as partners. 
 
1992 
• United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro. 
• Convention on the Protection of the Black Sea Against Pollution. 
• Framework Convention on Climate Change. 
• Convention on Biological Diversity. 
 
1994 
• United Nations Convention to Combat Desertification (in Ihose countries experiencing serious drought and/or 
desertification, particularly Africa). 
 
1997 
• The Kyoto Protocol, adopted by 122 nations. 
 
2000 
• We the Peoples: the Role of the United Nations in the 21st Century: Millennium Report of the UN Secretary-
General. 
• The Cartagena Protocol on Biosafety implements a precautionary approach to trade in genetically altered crops 
and organisms. 
 
2001 
• The Stockholm Convention on Persistent Organic Pollutants requiring complete phase-out of nine persistent, 
toxic pesticides and limiting the usage of several other chemicals. 
• Fourth Ministerial meeting of the WTO-Doha Declaration. 
 
2002 
• International Conference on Financing for Development: Monterrey Consensus. 
• United Nations World Summit on Sustainable Development, held in Johannesburg. 
 
 
Historical events of sustainable development (from Hens and Nath, 2005) 
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APPENDIX B 
 
Representative Conceptions Of Sustainable Development 
 
To maximize simultaneously the biological system goals (genetic diversity, resilience, biological 
productivity), economic system goals (satisfaction of basic needs, enhancement of equity, increasing 
useful goods and services), and social system goals (cultural diversity, institutional sustainability, 
social justice, participation) (Barbier, 1987: 103). 
 
Improving the quality of human life while living within the carrying capacity of supporting 
ecosystems (The World Conservation Union, United Nations Environment Programme & Worldwide 
Fund for Nature, 1991: 10). 
 
Sustainability is a relationship between dynamic human economic systems and larger dynamic, but 
normally slower-changing ecological systems, in which (a) human life can continue indefinitely, (b) 
human individuals can flourish, and (c) human cultures can develop; but in which effects of human 
activities remain within bounds, so as not to destroy the diversity, complexity, and function of the 
ecological life support system (Costanza, Daly, & Bartholomew, 1991: 8). 
 
A sustainable society is one that can persist over generations, one that is far-seeing enough, flexible 
enough, and wise enough not to undermine either its physical or its social systems of support 
(Meadows, Meadows, & Randers, 1992: 209). 
 
Sustainability is an economic state where the demands placed upon the environment by people and 
commerce can be met without reducing the capacity of the environment to provide for future 
generations. It can also be expressed as . . . leave the world better than you found it, take no more than 
you need, try not to harm life or the environment, and make amends if you do (Hawken, 1993: 139). 
 
Our vision is of a life-sustaining earth. We are committed to the achievement of a dignified, peaceful, 
and equitable existence. We believe a sustainable United States will have an economy that equitably 
provides opportunities for satisfying livelihoods and a safe, healthy, high quality of life for current 
and future generations. Our nation will protect its environment, its natural resource base, and the 
functions and viability of natural systems on which all life depends (U.S. President's Council on 
SustainableDevelopment, 1994: 1). 
 
Sustainability is a participatory process that creates and pursues a vision of community that respects 
and makes prudent use of all its resources-natural, human, human-created, social, cultural, scientific, 
etc. Sustainability seeks to ensure, to the degree possible, that present generations attain a high degree 
of economic security and can realize democracy and popular participation in control of their 
communities, while maintaining the integrity of the ecological systems upon which all life and all 
production depends, and while assuming responsibility to future generations to provide them with the 
where-with-all for their vision, hoping that they have the wisdom and intelligence to use what is 
provided in an appropriate manner (Viederman, 1994: 5). 
 
Sustainable development concepts and definitions (from Gladwin et al., 1995) 
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APPENDIX C 
 
Defining and Interpreting the contested concept of sustainable development 
 
Definitions of sustainable development  
 
‘In principle, such an optimal (sustainable growth) policy would seek to maintain an “acceptable” rate 
of growth in per-capita real incomes without depleting the national capital asset stock or the natural 
environmental asset stock.’ 
 (Turner, 1988:12)  
 
‘The net productivity of biomass (positive mass balance per unit area per unit time) maintained over 
decades to centuries.’  
(Conway, 1987: 96)  
 
‘Development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs.’  
(World Commission on Environment and Development, 1987: 43)  
 
Interpretations of sustainable development  
 
‘A creatively ambiguous phrase . . . an intuitively attractive but slippery concept.’  
(Mitchell, 1997: 28)  
 
‘Like motherhood, and God, it is difficult not to approve of it. At the same time, the idea of 
sustainable development is fraught with contradictions.’  
(Redclift, 1997: 438)  
 
‘It is indistinguishable from the total development of society.’  
(Barbier, 1987:103) 
 
‘Its very ambiguity enables it to transcend the tensions inherent in its meaning.’  
(O’Riordan, 1995: 21) 
 
  
 
Definitions and interpretation of sustainable development (from Elliott, 1999) 
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APPENDIX D 
 
The United Nations conference on the Human Environment in Stockholm (1972): 26 principles 
 
Principle 1 
Man has the fundamental right to freedom, equality and adequate conditions of life, in an environment of a 
quality that permits a life of dignity and well-being, and he bears a solemn responsibility to protect and improve 
the environment for present and future generations. In this respect, policies promoting or perpetuating apartheid, 
racial segregation, discrimination, colonial and other forms of oppression and foreign domination stand 
condemned and must be eliminated. 
 
Principle 2 
The natural resources of the earth, including the air, water, land, flora and fauna and especially representative 
samples of natural ecosystems, must be safeguarded for the benefit of present and future generations through 
careful planning or management, as appropriate. 
 
Principle 3 
The capacity of the earth to produce vital renewable resources must be maintained and, wherever practicable, 
restored or improved. 
 
Principle 4 
Man has a special responsibility to safeguard and wisely manage the heritage of wildlife and its habitat, which 
are now gravely imperilled by a combination of adverse factors. Nature conservation, including wildlife, must 
therefore receive importance in planning for economic development. 
 
Principle 5 
The non-renewable resources of the earth must be employed in such a way as to guard against the danger of 
their future exhaustion and to ensure that benefits from such employment are shared by all mankind. 
 
Principle 6 
The discharge of toxic substances or of other substances and the release of heat, in such quantities or 
concentrations as to exceed the capacity of the environment to render them harmless, must be halted in order to 
ensure that serious or irreversible damage is not inflicted upon ecosystems. The just struggle of the peoples of ill 
countries against pollution should be supported. 
 
Principle 7 
States shall take all possible steps to prevent pollution of the seas by substances that are liable to create hazards 
to human health, to harm living resources and marine life, to damage amenities or to interfere with other 
legitimate uses of the sea. 
 
Principle 8 
Economic and social development is essential for ensuring a favorable living and working environment for man 
and for creating conditions on earth that are necessary for the improvement of the quality of life. 
 
Principle 9 
Environmental deficiencies generated by the conditions of under-development and natural disasters pose grave 
problems and can best be remedied by accelerated development through the transfer of substantial quantities of 
financial and technological assistance as a supplement to the domestic effort of the developing countries and 
such timely assistance as may be required. 
 
(Continued) 
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Principle 10 
For the developing countries, stability of prices and adequate earnings for primary commodities and raw 
materials are essential to environmental management, since economic factors as well as ecological processes 
must be taken into account. 
 
Principle 11 
The environmental policies of all States should enhance and not adversely affect the present or future 
development potential of developing countries, nor should they hamper the attainment of better living conditions 
for all, and appropriate steps should be taken by States and international organizations with a view to reaching 
agreement on meeting the possible national and international economic consequences resulting from the 
application of environmental measures. 
 
Principle 12 
Resources should be made available to preserve and improve the environment, taking into account the 
circumstances and particular requirements of developing countries and any costs which may emanate- from their 
incorporating environmental safeguards into their development planning and the need for making available to 
them, upon their request, additional international technical and financial assistance for this purpose. 
 
Principle 13 
In order to achieve a more rational management of resources and thus to improve the environment, States should 
adopt an integrated and coordinated approach to their development planning so as to ensure that development is 
compatible with the need to protect and improve environment for the benefit of their population. 
 
Principle 14 
Rational planning constitutes an essential tool for reconciling any conflict between the needs of development 
and the need to protect and improve the environment. 
 
Principle 15 
Planning must be applied to human settlements and urbanization with a view to avoiding adverse effects on the 
environment and obtaining maximum social, economic and environmental benefits for all. In this respect 
projects which arc designed for colonialist and racist domination must be abandoned. 
 
Principle 16 
Demographic policies which are without prejudice to basic human rights and which are deemed appropriate by 
Governments concerned should be applied in those regions where the rate of population growth or excessive 
population concentrations are likely to have adverse effects on the environment of the human environment and 
impede development. 
 
Principle 17 
Appropriate national institutions must be entrusted with the task of planning, managing or controlling the 9 
environmental resources of States with a view to enhancing environmental quality. 
 
Principle 18 
Science and technology, as part of their contribution to economic and social development, must be applied to the 
identification, avoidance and control of environmental risks and the solution of environmental problems and for 
the common good of mankind. 
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Principle 19 
Education in environmental matters, for the younger generation as well as adults, giving due consideration to the 
underprivileged, is essential in order to broaden the basis for an enlightened opinion and responsible conduct by 
individuals, enterprises and communities in protecting and improving the environment in its full human 
dimension. It is also essential that mass media of communications avoid contributing to the deterioration of the 
environment, but, on the contrary, disseminates information of an educational nature on the need to project and 
improve the environment in order to enable mal to develop in every respect.  
 
Principle 20 
Scientific research and development in the context of environmental problems, both national and multinational, 
must be promoted in all countries, especially the developing countries. In this connection, the free flow of up-to-
date scientific information and transfer of experience must be supported and assisted, to facilitate the solution of 
environmental problems; environmental technologies should be made available to developing countries on terms 
which would encourage their wide dissemination without constituting an economic burden on the developing 
countries. 
 
Principle 21 
States have, in accordance with the Charter of the United Nations and the principles of international law, the 
sovereign right to exploit their own resources pursuant to their own environmental policies, and the 
responsibility to ensure that activities within their jurisdiction or control do not cause damage to the 
environment of other States or of areas beyond the limits of national jurisdiction. 
 
Principle 22 
States shall cooperate to develop further the international law regarding liability and compensation for the 
victims of pollution and other environmental damage caused by activities within the jurisdiction or control of 
such States to areas beyond their jurisdiction.  
 
Principle 23 
Without prejudice to such criteria as may be agreed upon by the international community, or to standards which 
will have to be determined nationally, it will be essential in all cases to consider the systems of most advanced 
countries but which may be inappropriate and of unwarranted social cost for the developing countries. 
 
Principle 24 
International matters concerning the protection and improvement of the environment should be handled in a 
cooperative spirit by all countries, big and small, on an equal footing. Cooperation through multilateral or 
bilateral arrangements or other appropriate means is essential to effectively control, prevent, reduce and 
eliminate adverse environmental effects resulting from activities conducted in all spheres, in such a way that due 
account is taken of the sovereignty and interests of all States. 
 
Principle 25 
States shall ensure that international organizations play a coordinated, efficient and dynamic role for the 
protection and improvement of the environment. 
 
Principle 26 
Man and his environment must be spared the effects of nuclear weapons and all other means of mass 
destruction. States must strive to reach prompt agreement, in the relevant international organs, on the 
elimination and complete destruction of such weapons. 
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APPENDIX E 
 
Practical principles of sustainable development (from Gladwin et al., 1995) 
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APPENDIX F 
Definition of Material Substitution/Dematerialization 
 
“... dematerialization refers to the  absolute or  relative reduction  in the  quantity  of 
materials required  to serve  economic functions”   
(Wernick  et al. 1996,  171 ) 
 
“...the decline over time in the weight of the materials used in industrial end products"  
(Herman et al. 1989, 50) 
 
“…the change in the amount of waste generated per unit of industrial products”  
(Herman et al. 1989,51) 
 
“...the reduction of raw material (energy and material) intensity of economic activities, 
as measured as the ratio of material (or energy) consumption in physical terms to gross 
domestic product (GOP) in deflated constant terms”  
(Bernardinr and Galli 1993, 432) 
 
“Instead  of a once  and for all structural change, as implied by dematerialization , 
minerals  demand experience phases in which  older; transmaterialization suggests that  
lower  quality materials linked to  mature  industries  undergo periodic  replacement by  
higher quality or technologically  more  appropriate materials”   
(Labys and Waddell   1989, 238) 
 
 
Definitions of Material Substitution/Dematerialization (from Cleveland & Ruth, 1998) 
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APPENDIX G 
Transportation CO2 Impact (2007), Okala Manual 
Transport Process  Unit  lbs. CO2 Equivalent 
train, long-distance per person mile 0.013 
oceanic freight ship per ton mile 0.015 
train, freight per ton mile 0.02 
train, regional per person mile 0.024 
freighter inland per ton mile 0.09 
automobile, 50 mpg per ton mile 0.094 
truck 40t per ton mile 0.11 
truck 28t per ton mile 0.12 
truck 16t per ton mile 0.16 
container ship per ton mile 0.17 
van, 3.5t per ton mile 0.19 
automobile, 20 mpg per ton mile 0.24 
air, passenger, intercont. per person mile 0.41 
tanker ship per ton mile 0.61 
air, passenger, regional per person mile 0.78 
tram per mile 0.92 
helicopter per minute 1.6 
air, freight, intercont. per ton mile 1.6 
air, freight, regional per ton mile 2.8 
 
Transportation carbon dioxide impact (from Philip White, 2007, as cited in Shedroff, 
2009) 
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APPENDIX H 
Recycling By the Numbers: The Truth About Recycling 
 
 
 
 
 
 
 
 
Recycling by numbers (from Alex Hutchinson, 2008, Popular Mechanics) 
http://www.popularmechanics.com/science/environment/recycling/4291576 
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APPENDIX I 
 
Twenty five design for disassembly guidelines classified into three areas of the product design 
A. Materials Reason for guideline 
1. Minimize the number of different types of 
material. 
Simplify the recycling process. 
2. Make subassemblies and inseparably 
connected parts from the same or a compatible 
material. 
Reduce the need for disassembly and sorting. 
3. Mark all plastic and similar parts for ease of 
identification. 
Many materials' value is increased by accurate 
identification and sorting. 
4. Use materials which can be recycled. 
Minimize waste; Increase the end-of life value of 
the product. 
5. Use recycled materials. Stimulate the market for recyclates. 
6. Ensure compatibility of ink where printing is 
required on plastic parts. 
Maintain maximum value of recovered material. 
7. Eliminate incompatible labels on plastic parts. Avoid costly label removal or sorting operations. 
8. Hazardous parts should be clearly marked and 
easily removed. 
Rapidly eliminate parts of negative value.  
 
 
B. Fasteners & Connections Reason for guideline 
9. Minimize the number of fasteners. Most disassembly time is fastener removal. 
10. Minimize the number of fastener removal 
tools needed. 
Tool changing costs time. 
11. Fasteners should be easy to remove. Save time in disassembly. 
12. Fastening points should be easy to access. 
Awkward movements slow down manual 
disassembly. 
13. Snap-fits should be obviously located and 
able to be disassembled using standard tools. 
Special tools may not be identified or available. 
14. Try to use fasteners of material compatible 
with the parts connected. 
Enables disassembly operations to be avoided. 
15. If two parts cannot be compatible make them 
easy to separate. 
 
16. Eliminate adhesives unless compatible with 
both parts joined. 
Many adhesives cause contamination of 
materials. 
17. Minimize the number and length of 
interconnecting wires or cables used. 
Flexible elements slow to remove; copper 
contaminates steel, etc. 
18. Connections can be designed to break as an 
alternative to removing fasteners. 
Fracture is a fast disassembly operation. 
 
(Continued) 
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(Continued) 
 
C. Product Structure Reason for guideline 
19. Minimize the number of parts. Reduce disassembly. 
20. Make designs as modular as possible, with 
separation of functions. 
Allows options of service, upgrade or recycle. 
21. Locate unrecyclable parts in one area which 
can be quickly removed and discarded. 
Speeds disassembly - see no.8. 
22. Locate parts with the highest value in easily 
accessible places. 
Enables partial disassembly for optimum return. 
23. Design parts for stability during disassembly. 
Manual disassembly is faster with a firm working 
base. 
24. Avoid molded-in metal inserts or 
reinforcements in plastic parts. 
Manual disassembly is faster with a firm working 
base. 
25. Access and break points should be made 
obvious. 
Manual disassembly is faster with a firm working 
base.  
 
Design guidelines for disassembly and recycling (from Dowie & Simon, 1994) 
http://teclim.ufba.br/jsf/ecodesign/dsgn0204.PDF 
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APPENDIX J 
 
 
Plastics 
Symbol Code Description Examples 
 
#1 PET(E) Polyethylene terephthalate Polyester fibers, soft drink bottles 
 
#2 PEHD or 
HDPE 
High-density polyethylene 
Plastic bottles, plastic bags, trash cans, 
imitation wood 
 
#3 PVC Polyvinyl chloride 
Window frames, bottles for chemicals, 
flooring 
 
#4 PELD or 
LDPE 
Low-density polyethylene 
Plastic bags, buckets, soap dispenser 
bottles, plastic tubes 
 
#5 PP Polypropylene Bumpers, car interior trim, industrial fibers 
 
#6 PS Polystyrene 
Toys, flower pots, video cassettes, 
ashtrays, trunks 
 
#7 Other All other plastics  
 
#9 or #ABS 
Acrylonitrile butadiene 
styrene 
Monitor/TV cases, coffee makers, cell 
phones, most computer plastic 
 
Papers 
Symbol Code Description Examples 
 
#20 C PAP 
(PCB) 
Cardboard  
 
#21 PAP Other paper Mixed paper magazines, mail 
 
#22 PAP Paper  
 #23 PBD 
(PPB) 
Paperboard 
Greeting cards, frozen food boxes, book 
covers 
 
Metals 
Symbol Code Description Examples 
 
#40 FE Steel  
 
 
#41 ALU Aluminium  
 
 
Running Head: SUSTAINABLE DESIGN FOR HUMAN FACTORS 
 
130 
 
Organic Materials 
Symbol Code Description Examples 
 
#50 FOR Wood  
 
#51 FOR Cork 
Bottle stoppers, place mats, construction 
material 
 
#60 COT Cotton  
 
#61 TEX Jute  
 #62-69 TEX Other Textiles  
 
Glass 
Symbol Code Description Examples 
 
#70 GLS 
Mixed Glass Container/Multi-
Part Container 
 
 
#71 GLS Clear Glass 
Bottle stoppers, place mats, construction 
material 
 
#72 GLS Green Glass  
 #73 GLS Dark Sort Glass  
 #74 GLS Light Sort Glass  
 
#75 GLS Light Leaded Glass 
Televisions, high-end electronics display 
glass 
 
#76 GLS Leaded Glass 
Older televisions, ash trays, older beverage 
holders 
 
#77 GLS 
Copper Mixed/Copper 
Backed Glass 
Electronics, LCD Display heads, 
Clocks/Watches 
 
#78 GLS 
Silver Mixed/Silver Backed 
Glass 
Mirrors, formal table settings 
 
#79 GLS 
Gold Mixed/Gold Backed 
Glass 
Computer glass, formal table settings 
 
Description and examples of commonly used symbols and codes of recyclable materials 
(from Wikipedia, retrieved November 12, 2012) 
http://en.wikipedia.org/wiki/Recycling_codes 
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APPENDIX K 
 
The list of additional websites providing more information about engineering disciplines 
 
Engineering Organization Websites 
American Academy of Environmental Engineering www.enviro-engrs.org 
American Institute of Aeronautics and Astronautics www.aiaa.org 
American Institute of Chemical Engineers  www.aiche.org 
The American Society of Agricultural Engineers www.asae.org 
American Society of Civil Engineers www.asce.org 
American Society for Engineering Education www.asee.org 
American Society of Heating, Refrigerating, and 
Air' Conditioning Society Engineers 
www.ashrae.org 
American Society of Mechanical Engineers www.asme.org 
Biomedical Engineering Society  mecca.org/BME/BMES/Society 
Institute of Electrical and Electronics  Engineers www.ieee.org 
Institute of Industrial Engineers www.iienet.org 
National Society of Black Engineers www.nsbe.org 
Society of Automotive Engineers www.sae.org 
Society of Manufacturing Engineers www.swe.org 
 
Useful Website about engineering disciplines. Adapted from “Engineering 
fundamentals: an introduction to engineering,” S., Moaveni, 2008 (3rd ed.). (Pp. 12-13). 
Thomson Engineering. 
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APPENDIX L (a) 
The first page of the first section of the survey questionnaire 
 
 
 
스마트 헬멧 디자인 – 설문조사 
 
 
본 설문지의 기재한 내용과 신상정보는 연구목적 외의 수단으
로 사용되지 않습니다.  
UNIST 디자인 및 인간공학부 I+ID LAB 
 
성명: _________________ 
소속: ___________________ 
 
이번 설문지의 목적은 기존의 이륜오토바이 및 스쿠터에 사용
하시는  
기존의 오토바이용 안전용 헬멧과는 다르게, 개발 중에 있는 
ICT(Internet Communicative Technology)를 기반하여 새로
운 스마트 헬멧 디자인과의  
비교를 위한 Research용입니다. 
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APPENDIX L (b) 
The second page of the first section of the survey questionnaire 
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APPENDIX L (c) 
The third page of the first section of the survey questionnaire 
 
다음은 오토바이 및 스쿠터 운전 시에 발생할 수 있는 위험요소를 3가지로 정리했습니다. 
또한, 저희가 개발하고 있는 스마트 헬멧이 역할을 할 수 있는 부분을 요약해놨습니다. 
 
위험요소 1. 운전 중 발생경우 
      – 운전 중 휴대폰 사용은 운전자의 주의력 저하에 따른 교통사고를 유발시킨다.   
 운전 중 통화하기  
 운전 중 음악듣기  
      – 운전자의 무분별한 과속 운전은 교통사고 위험성을 가중시킨다.   
위험요소 2. 사고 순간 발생경우 
– 헬멧 미착용시 운전자의 머리를 보호하지 못한다.  
 
 
 
위험요소 3. 사고 후 발생경우  
– 경미한 상처나 중상, 심하게는 사망사고 등이 응급 처치의 문제로 큰 사고로 
이어지게 된다. (통계적으로 대략 70% 운전자가 사망에 이른다.) 
 주변에 도와 줄 사람이 없는 경우, 목격자가 없는 경우 
 오토바이 사고 특성상 의식을 잃거나 몸을 움직일 수 없음. 자진사고신고 
불가능 
 
새로운 헬멧 시스템 – 휴대폰과 헬멧의 블루투스 연동 (GPS + TTS 시스템 활용) 
위험요소 1 해결  
- 시속 30Km/h 이상 운전 시, 통화기능 차단: 운전중 메시지 자동 발송 
- 일정 속도 이상으로 운전 시, 노래 차단(휴대폰 연결 시) 
- 해당 도로 규정 속도 위반 시 알람음 발생 
위험요소 3 해결  
- 헬멧 충격시 자동 전화 연결로 운전자 정보 112, 119 발송 
GPS 연동 + 운전자 위치 음성 인식 서비스 사용 
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APPENDIX L (d) 
 
The second section (evaluation of three safety condition in terms importance) of the survey 
questionnaire 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
설문지 (파트 1) 
 
앞장에 제시한 위험요소 1,2,3 에 대한 일반적인 질문들입니다. 
*위험요소 1, 2, 3 은 위의 설문설명을 참고해 주세요!! 
 
 
1. 운전 중 음악 및 휴대폰 사용이 운전 사고율에 얼마나 영향을 미친다고 생각하십니까? 
  
전혀 영향이 
없다 
별로 영향이 
없다  
보통이다 약간 영향이 
있다 
매우 영향이 
크다 
1 2 3 4 5 
     
 
 
 
2. 오토바이 및 스쿠터 탑승 시 헬멧 착용이 얼마나 중요하다고 생각하십니까? 
 
전혀 중요치 
않다 
별로 중요치 
않다 
보통이다 약간 
중요하다 
매우 
중요하다 
1 2 3 4 5 
     
 
 
 
3. 사고 발생 후, 신속하지 못한 응급처지가 운전자 사망률 얼마나 영향을 미친다고 생각하십니
까? 
 
전혀 영향이 
없다 
별로 영향이 
없다 
보통이다 약간 영향이 
있다 
매우 영향이 
크다 
1 2 3 4 5 
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APPENDIX L (e) 
The third section (evaluation of conventional helmets in terms of three safety conditions) of the 
survey questionnaire 
 
 
 
설문지 (파트 2) 
기존 헬멧의 위험 요소 차단 
 
현재 사용되고 있는 일반 헬멧에 대해 평가해 주세요 
*위험요소 1, 2, 3은 위의 설문설명을 참고해 주세요! 
 
1. 위험요소 1(휴대폰 사용 및 음악듣기로 인한 사고율)을 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
     
 
 
2. 위험요소 2(사고발생 시 헬멧 착용이 운전자의 안전)을 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
     
 
 
3. 위험요소 3(사고 발생시, 응급대처)을 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
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APPENDIX L (f) 
The third section (evaluation of conventional helmets in terms of three safety conditions) of the 
survey questionnaire 
 
설문지 (파트 3) 
새로운 헬멧의 위험 요소 차단 
 
새로운 스마트 헬멧디자인 (Smart Helmet Concept)에 대해 평가해 주세요 
*위험요소 1, 2, 3은 위의 설문설명을 참고해 주세요! 
 
1. 위험요소 1(휴대폰 사용 및 음악듣기로 인한 사고율)을 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할 수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
     
 
 
2. 위험요소 2(사고발생 시 헬멧 착용이 운전자의 안전)를 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할 수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
     
 
 
3. 위험요소 3(사고 발생시, 응급대처)을 해결해준다고 생각하십니까?   
  
 예 아니요 
응답 (v 체크)   
‘예’라고 응답한 경우 얼마나 해결 할 수 있습니까? (최대 5점으로 평가) 
전혀 해결되지  
않는다 
별로 해결되지  
않는다 
보통이다 약간 해결 된다 잘 해결 된다 
1 2 3 4 5 
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APPENDIX L (g) 
The comments page 
 
 
 
 
기타 의견 
 
 
새로운 디자인된 헬멧과 관련하여 기타 의견이 있으시면 적어 주십시오 
보완되었으면 하는 점, 실용성 문제 등 다양한 의견을 형식 없이 
적어주시면 됩니다.. 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
                                                                                           
______________________________________________________________ 
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